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PREFACE. 


One  of  the  subjects  comprehended  in  the  recommendation  of  the 
Select  Committee  appointed  by  the  House  of  Assembly,  on  the 
Geological  Survey,  in  1854,  was  the  publication  of  figures  and 
descriptions  illustrative  of  such  new  organic  forms  as  might  be 
obtained  in  the  progress  of  the  investigation.  In  compliance  with 
this  recommendation,  it  was  determined  that  the  publication  should 
be  made  in  parts  or  decades,  after  the  mode  adopted  by  the 
Geological  Survey  of  the  United  Kingdom,  each  part  to  consist 
of  about  ten  plates,  with  appropriate  descriptive  text,  and  to 
comprehend  one  or  more  genera  or  groups  of  allied  fossils,  or  the 
description  of  several  species,  for  the  illustration  of  some  special 
point  in  geology. 

The  first  part  or  decade  was  confided  for  description,  in  1855,  to 
Mr.  J.  W.  Salter,  one  of  the  Pala3ontologists  of  the  Geological 
Survey  of  the  United  Kingdom.  This  comprehends  diiferent  genera 
and  species  from  one  locality.  Of  these  several  are  new,  while 
others  are  more  perfect  forms  of  species  already  partially  described ; 
and  the  general  object  is  to  exhibit  a  commingling  of  forms  here- 
tofore supposed  to  belong  to  distinct  ej)ochs.  The  plates  of  this 
decade  are  the  work  of  Mr.  W.  Sowerby,  from  drawings  by 
Mr.  R.  C.  Bone.  The  engravings  are  on  steel ;  nine  of  the  plates 
are  finished,  and  it  is  expected  the  tenth  will  be  completed  in  a 
short  time. 

The  second  decade  was  undertaken  also  in  1855,  by  Mr.  James 
Hall  of  Albany,  so  justly  celebrated  for  his  works  on  the  Palaeon- 
tology of  New  York.  It  will  comprehend  the  description  of  a 
large  number  of  remarkable  new  forms  of  Graptolithm  and  allied 
genera  from    the   Hudson    River   group.     The   drawings  are   by 
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Mr.  F.  n.  MooI».  Six  plates  have  bcon  nnj^ravrd  on  Htoel  by 
Mr.  J.  E.  Oavit,  and  ten  more  plates  are  in  the  engraver's  hands. 
The  number  of  species  will  probably  be  twenty-fonr,  of  which 
Mr.  Hall  has  already  given  a  description  in  the  Report  of  Progress 
for  the  year  IS-O?. 

On  the  ap[)()iiitment  of  Mr.  E.  Hillings  ns  Pahrontologist  of  the 

Survey,  in  1S5G,  his  first  duty  was  to  effect  an  arrangement  of  thft 

Museum.     This  being  accomplished,  he  devoted  his  attention  to  a 

third  decade.     This  comprehends  all  the  Cystide.e  and  Star-fishes, 

as  well  as  all  the  Entomostraca,  of  the  collection.     With  the  view 

of  obtaining  the  plates  necessary  for  the  illustration  of  these,  Mr. 

Billings,  in  the  month  of  February  last,  carried  his  fossils  to  London. 

Finding  that  considerable  delay  was  likely  to  attend  the  publication 

of  the  decade  should  he  illustrate  it  by  engravings  on  steel,  he 

determined   to   have  recourse  to   lithography.      Althotigh   minute 

detail  cannot   b(;    so  finely  given  by    this  mode,  nor  so  large   an 

edition  be  obtained,  it  is  yet  perfectly  suitable   for   all    practical 

purposes.      It   is  occasionally  used    for   the   fossils  of  the    British 

Survey,  and  very  generally  for  the  illustration  of  the  best  palaeon- 

tological  works  on  the  continent  of  Europe.      The  twelve  plates 

which  illustrate  the  third  decade  are  the  work  of  sev(?ral  well-known 

artists,  who  have  all  their  respective  merits.     One  of  the  plates  is 

by  Mr.  R.  C.  Bone,  two  of  them  by  Mr.  J.  Dinkle,  four  by  Mr. 

TufTen  West,  three  by  Mr.  II.  S.  Smith,  one  by  Mr.  W.  Sowerby, 

and  one  by  Mr.  G.  West.     Of  the  descriptive  part,  the  Cystideap 

and  Star-fishes  are  by  Mr.  E.  Billings;  the  genus  Cyclocystoidea  by 

Mr.  Salter  and  Mr.  Billings;   and  the  Entomostraca  by  Mr.  T.  R. 

Jones,  assistant-secretary  of  the  Geological  Society  of  London,  who 

is  considered  the  best  authority  on  this  particular  family  of  animals, 

and  had  previously  described  a  large  number  of  the  Canadian  species. 

While  Mr.  Billings  was  attending  to  the  progress  of  his  decade 

in  London,  it  appeared  doubtful  which  of  the  three  that  were  in 

hand  would   be  first  ready  for  publication.     He,  in  consequence, 

caused  to  be  registered  on  the  plates,  as  the  number  of  the  decade, 

the  figure  which  indicates  the  order  in  which  it  was  commenced. 


P  R  E  V  A  0  K. 
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It  thenjforo  jippniirN  iis  thn  third  (Icciulo,  but  being  the  first  ready, 
and  the  subject  quite  distiii.^t  from  those  of  the  other  two,  no 
hesitation  is  »!xperienced  in  placing  it  first  b«'l"ore  the  public. 

Mr.  H.  S.  Smith,  who,  as  already  stated,  supplied  three  of  the 
plates,  has  been  induced  to  come  out  to  Caiuida  with  the  design  of 
devoting  his  attention  to  the  representation  of  tho  fossils  of  the 
Provincial  collection  ;  and  it  will  therefore  in  future  be  unnijcessary 
to  go  out  of  the  country  for  the  illustration  of  them,  unless  it  be  to 
procure  the  aid  of  the  best  authority  on  some  special  subject. 

Of  th(^  third  decad«^  an  edition  of  2000  copies  is  issued.  Of  these 
500  copies  are  reserved  for  the  members  of  the  Legislature;  and 
it  is  intend<'d  to  fix  upon  the  remainch'r  a  moderate  price,  and 
dispose  of  them  to  the  public  through  some  respectable  bo'ikaeller. 
By  this  means  it  is  hoped  that  they  will  fall  into  the  hands  of  those 
who  will  really  apprt'ciate  them.  The  same  course  will  be  pursued 
in  respect  to  tli(>  first  and  second  decades,  when  they  are  ready. 

A  fourth  decade  is  now  in  hand  which  will  illustrate  the  Crinoida 
of  the  collection. 
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On   the    CvsTinEil!:   of  the    Lower    Silurian    llocks  of  CaninJn.       By 
E.  IJlLLINCJS,  F.O.S. 

SECTION  I. 

GEOLOGICAL    POSITION,    8TUUCTURK   AND    CLASSIFICATION. 

I.    Introduclorij   Observatirns. 

As  several  elaborate  and  beautifully  illustrated  memoirs  upon  tbe 
structure  and  aflinities  of  the  Cystidcie  have  appeared  during  the 
last  few  years,  it  would  be  superfluous,  on  the  present  occasion, 
to  enter  upon  a  re-examimition  of  tlie  subject,  were  this  decade 
designed  to  circulate  only  among  scientihc  men,  for  whom  it  would 
be  sullicient  to  give  nothing  more  than  the  most  concise  technical 
descriptions  of  the  species.  But  being  intended  also  for  the  use 
of  the  students  of  Canadian  geology — whose  numb(  r  is  ra|»idly 
increasing  tliroughout  the  Province — it  appears  necessary  to  com- 
mence with  a  general  summary  of  what  has  been  ascertained  up 
to  the  present  time  concerning  the  zoological  characters  and  distri- 
bution in  time  and  space  of  this  somewhat  extraordinary  grouj)  of 
extinct  organisms.  Jiy  this  course  it  is  hoped  that,  while  the 
foreign  geologist  will  receive  all  the  intimation  he  desires  of  what 
we  are  doing,  the  growth  of  science  in  our  own  country  will  also 
be  promoted. 

The  CystidccR  were  a  race  of  small  marine  animals,  which 
flourished  vigorously  during  the  Silurian  period,  but  totally  disap- 
peared before  the  commencement  of  the  Carboniferous  era.  They 
were  closely  allied  to  that  interesting  family,  the  lily  encrinites, 
or  Crinoids,  and,  like  them,  entirely  covered,  as  with  a  coat  of  mail, 
by  a  dermal  or  external  skeleton  of  thin  calcareous  plates,  which 
were  sometimes  richly  ornamented  with  radiating  ridges  or  striie. 
Attached  to  the  lower  extremity  of  the  body  was  a  short  flexible 
stalk,  usually  called  the  column,  that  served  to  anchor  the  animal 
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securely  to  one  spot  on  the  bottom  of  the  ocean  throughout  life; 
and  at  the  opposite,  or  upper  end,  a  set  of  arnus,  which,  in  addition 
to  their  other  functions,  may  have  assisted  in  the  collection  of  i'ood 
by  exciting  currents  of  water  towards  the  mouth.  This  latter 
organ  was  a  circular  or  oval  aperture,  situated  in  the  side,  below 
or  near  the  summit,  and  in  some  species  must  have  been  also  the 
passage  through  which  such  matter  us  could  not  be  digested  was 
thrown  out.  The  young  were  deviTloped  from  eggs,  which  were, 
there  is  good  reason  to  b(diev(!,  generated  in  the  grooves  of  the 
arms  or  pinnuhe,  where,  as  has  been  ascertained  by  actual  observa- 
tion, the  organs  of  reproduction  are  situated  in  the  Crinoids  that 
exist  in  some  of  the  seas  of  the  present  time. 

Concerning  the  food,  habits,  or  other  particulars  of  the  natural 
history  of  the  Cystideic,  we  can  never  hope  to  acquire  any  great 
amount  of  information,  as  the  race  wlioUy  perished  many  ages  ago, 
and  till  only  evidences  we  have  of  its  existiMice  are,  with  few 
exceptions,  very  imperfect  sk«detons,  whicli  exhibit  nothing  except 
the  structure  of  the  (wternal  hard  parts.  It  is  only  probabh;  that 
their  nourishment  was  derived  from  minute  particles  of  animal  or 
vegetable  matt<u'  dillused  through  the  waters  in  which  they  lived. 
The  struct;ure  and  position  of  the  mouth  are  such,  that  they  could 
not  have  been  highly  carnivorous,  while  their  nearly  sedentary 
condition  would  altogether  preclude  the  capture  of  any  prey  except 
such  as  might  iloat  by  chance  within  their  reach.  Animals  rooted 
to  the  ground  like  a  [)lant  would  fare  ill  were  they  organized  to 
support  life  by  the  predacious  mode  only. 

Tiie  fossil  remains  of  the  Cystidea;  consist  for  the  greater  part  of 
mere  I'ragments  of  the  plates  and  columns;  but  these,  in  certain 
localities,  occur  in  such  prodigious  abundance,  that  they  constitute 
the  principal  portion  of  strata  of  rock  several  feet  in  thickness. 
Of  many  of  the  species  spiicimens  of  the  bodies  are  exceedingly 
rare,  and  wIumi  these  are  discovered  they  an;  usually  more  or  less 
crushed  and  distorted.  Whilts  the  fossil  Corals,  J{rachiopods  and 
Gasteropods  may  be  collected  in  hundreds,  few  cabinets  can  boast 
of  half-a-dozen  good  Cystideans,  even  in  those  countries  where 
whole  formations  of  rock  are  composed  of  the  exuvia;  of  the  race. 

With  respect  to  their  distribution  in  time,  they  have  been  dis- 
covered in  Bohemia,  by  M.  Barrande,  in  beds  which  lie  in  the  very 
bottom  of  the  oldest  rocks  containing  traces  of  animal  life  ;  and 
therefore,  according  to  the  present  state  of  our  knowledge  of  the 
primeval  fauna,  they  were  among  the  first  living  things  that  made 
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their  appoaranco  upon  thn  snifaco  of  this  planet.  The  Lower 
Sihirian  formation,  in  the  several  countries  where  it  has  heen  most 
studied,  has  at  its  bnse  a  threat  ♦^hickuess  of  stratilied  rocks  wliicli 
are  altosictlicr  without  fossils — at  least  none  have  been  discovered 
in  them  up  to  the  present  time.  Then  follows  in  conformable 
succession  a  scries  in  which  organic  remains  do  occur,  but  not  in 
any  ifrciit  abundiuicc  This  is  tIk;  lower  half  of  the  fossilifcrons 
portion  of  the  Lower  Silurian.  In  Clreat  Tiritnin  these  stnita  are 
the  Linirula  Flags  of  Sir  Roderick  Murchison  ;  in  Bohemia  the 
Primordial  Zone  of  Burrandc  ;  and  in  Norway  and  Swulen  the 
Alum  Slates,  or  Regions  A  and  15,  of  M.  Angeliii,  tlu;  leading 
pahi'ontologist  of  that  country.  In  America  they  have  not  been 
distinctly  recognized,  altho\!gh  it  is  doubtfully  anticipated  that  the 
Potsdam  sandstoiK^  and  the  lowest  sandstones  of  the  western  states 
may  be  of  the  same  nge.  It  is  mon;  probable  that  some  of  the 
ancient  schists  in  the  eastern  states,  where  a  large  trilobite  of  the 
genus  I'drndo.ridrs  hns  been  fouiul,  are  of  the  age  of  this  "primordiid 
zone  of  life."  In  wlmtever  way  this  point  may  be  decided 
hereafter,  it  is  only  in  IJoliemia  that  Cystidea*  have  been  found  so 
low  down  in  the  geological  seri(^s.  Four  species  have  then;  been 
discovered,  together  with  twenty-seven  species  of  Tril()bitc.>,  one 
Brachlopod  ( Orth'is  U'imitigrri,  Bnrrande),  and  one  Pteropod  ( Pviri- 
inic///i/s  pr'nniis,  Barrande),  but  lu)  Crinoids. 

In  Scandinavia  tin'  i^rimordial  Zone  has  not  yet  yiidded  traces 
of  either  Crinoids  or  Cystidea*,  but  seventy-one  species  of  trilobites, 
and  eight  Brachiopods  of  th(!  general  Liiiguhi,  Orbicula,  Ort/iis  and 
Atrijiiti,  have  been  discovered,  with  one  or  two  graptolites  and  a 
small  orthoeeratite,  near  the  top.* 

In  England  the  Lingula  Flags,  which  are  reaarded  as  the 
e(piivah'nts  of  the  Bohemian  and  S<'andinavian  deposits,  have 
furnished  a  very  similar  fauna  of  trilobites  and  rare  uKtllusca,  with 
one  or  two  graptolites;  but  up  to  this  date  only  a  fragment  of  a 
crinoidal  column  and  no  (yysti<leans.  Ft  is  also  to  be  observed, 
that  in  none  of  these  countries  have  any  corals  been  det(!cted  in 
these  lowest  fossilifcrons  strata,. 

In  the  upper  half  of  the  Lower  Silurian,  organic  remains  become 
exceedingly  abundant,  and  it  is  in  this  part  of  the  geological  series 
that  the  Cystidefc  attain  their  greatest-  development,  both  in  the 
numbers  of  the  species  and   of  the  indivi<hials.      This  d(^posit  is 
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•  Parallolc  cntre  les  Depots  Silurions  dc  Bohdme  et  dc  Scandinavio ;  par  M.  Barrande 
page  39  ct  Beq, 
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representod  in  England  by  the  Llandeilo  and  Bala  or  Caradoc 
groups  of  Murchison;  in  Bohemia  by  the  stage  D,  containing  the 
"second  fauna"  of  Barrande ;  in  Scandinavia  and  Russia  by  the 
Regions  BC,  C  and  D  of  Angeliu,  and  the  "Plota"  or  Orthoceratite 
limestone ;  and  in  Canada  by  all  the  groups  from  the  base  of  the 
Calciferous  Sandrock  up  to  the  top  of  the  Hudson  River  group. 

While  these  rocks  were  slowly  being  deposited,  the  Cystideae 
literally  covered  the  bottom  of  the  ocean  in  dense  swarms  in  certain 
localities  which  were  favorable  to  their  existence,  one  generation 
growing  upon  the  remains  of  another,  until  thick  beds  were  formed. 
In  Russia,  Norway  and  Sweden,  Sir  Roderick  Murchison*  discovered 
them  in  the  Pleta  limestone,  which  appears  to  be  of  the  age  of  the 
Chazy,  Birdseye,  Black  River  and  Trenton  limestones,  packed  together 
like  "bunches  of  enormous  grapes;"  and  in  J^ohemia  M.  Barrande 
has  found  them  equally  abundant.  He  says  that  the  Crinoids  and 
Star-fishes  have  left  only  insignificant  traces,  but  the  Cystideae  form 
entire  beds  of  from  one  to  two  yards  in  thickuess.t 

In  Canada  they  make  their  appearand!  rarely  in  the  Calciferous 
Sandrock,  but  in  the  Ciiazy  and  Trenton  their  remains  are  more 
connnon,  consisting  however  mostly  of  the  detached  plates  packed 
together  in  thick  strata.  Tiiey  are  not  very  generally  distributed, 
but  confined  to  certain  localities.  Throughout  extensive  regions 
occupied  by  these  formations  scarcely  a  vestige  of  a  Cystidean  is  to 
be  found;  but  in  other  places,  such  as  the  neighbourhoods  of  the 
cities  of  Montreal  and  Ottawa,  they  are  exceedingly  plentiful. 
Everywhere  however  good  specimens  are  rare. 

M.  Barrande,  in  comparing  the  European  rocks  of  this  age, 
observes,  that  in  Bohemia  the  Cystidean  zone  occurs  about  the 
centre  of  his  stage  of  Qiiartzites  D,  which  would  be  also  the 
equivalent  of  Angeliu's  group  C.  In  England  the  corresponding 
level  would  be  about  the  Biila  limestone,  where  the  principal  masses 
of  Cystideie  are  found.  The  abundance  of  their  remains  in  the 
Chazy  and  Trenton  of  Canada  conlirii''s  the  views  of  M.  Barrande, 
and  at  the  same  time  tends  to  shew  that  these  two  American 
formations  should  bo  paralleled  with  the  liala  rather  than  with  the 
Lliindcilo.  This  qu(!stion  however  cannot  be  decided  without 
more  perfect  lists  of  fossils  than  can  be  at  present  procured. 

Th(!  nnniber  of  species  of  Cystideie  that  occur  in  this  zone  are  as 
follows,  so  fiir  as  I  can  ascertain,  in  these  countries  respectively : — 

*  (i'.oUyry  of  lliiada  and  the  Ural  Momilaiiis  ;    by  Sir  R.  I.  Murcliidou,  page  38. 
t  Syalome  Silurien  dn  centre  de  la  Bohcmo ;    par  M.  Joachim  Uarrandc,  page  66. 
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Scandinavia  and  Russia'  ■  .    20 

Great  Britain! 13 

Boliemia,  about 8 

Canada 21 

New  York 1 

63 

In  consequence  of  the  imperfection  of  the  specimens  and  some 
confusion  in  the  descriptions  of  different  authors,  tlie  above  numbers 
may  not  be  exactly  correct;  but  from  wliat  I  liave  seen  it  appears 
to  me  that  there  are  more  than  sixty  species,  described  and  unde- 
scribed,  belonging  to  this  period. 

In  the  Upper  Silnrian  there  are  in  Great  Britain  nine  species, 
and  in  Canada  and  New  York  about  the  same  number,  but  none  in 
either  Bohemia  or  Scandinavia  have  yet  been  made  public. 

According  to  the  present  state  of  our  knowledge,  then,  in  the 
lower  half  of  the  Lower  Silurian  there  are  four  species,  in  the 
upper  half  sixty-three,  and  in  the  Upper  Silurian  eighteen. 

Very  little  depeiidance  however  can  be  placed  upon  numerical 
comparisons,  such  as  the  above,  in  dealing  with  questions  relating 
to  the  Cystideiw  or  Crinoideie,  for  the  reason  that  new  discoveries 
are  every  year  being  made  which  very  materially  change  the  aspect 
of  these  computations.  For  instance,  six  years  ago  only  eleven 
.  Crinoids,  one  Cystidean,  and  one  Star-fish,  were  known  in  the 
Lower  Silurian  of  New  York  and  Canada,  but  in  the  collection  of 
the  Geological  Survey  of  Canada  there  are  now  twenty-oiu'  species 
of  Cystideans,  about  fifty  Crinoids,  and  ten  Star-lishos,  or  in  all 
eighty-one  species  of  Echinodermata  from  this  formation  instead  of 
thirteen. 

In  the  Devonian  formation  several  forms  resembling  Cystide;r 
have  been  referred  to  that  group  of  organisms;  but  it  remains  still 
to  be  shewn  that  they  are  true  Cystideans.  The  weight  of  the 
evidence  tends  to  shew  that  the  race  was  ushered  in  with  the  first 
living  inhabitants  of  the  deep — attained  its  greatest  development 
in  the  latter  portion  of  the  Lower  Silurian  era,  and  died  out  about 
the  time  of  tlu^  commencement  of  the  Devonian.  Of  its  associates 
in  the  Primordial  Zone,  the  Brachiopoda,  Pteropoda  and  Bryozoa 
remain  to  the  present  day.     The  trilobites  held  their  possession  of 


•  Broun's  Index  I'alicontologicua.     Zweite  Abtlicihmg,  p.  ISl. 

t  On  tlic  British  Cj'stidea',  by  I'rof.  E.  Forbes.     Memoirs  of  the  Geological  Survey 
of  Great  Britain,  vol.  ii.  part  2,  p.  483  et  seq. 
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existenco  until  the  Carboniferous  period,  and  the  graptolites  disap- 
peared early  in  the  Upper  Silurian.  With  the  exccT;don  then  of 
the  graptolites,  the  Cystideic  were  the  first  race  that  beeame  extinct. 

II.     2Vtc  General  Form  and  Ectermd  Skeleton  of  the  CijstidccB. 

In  form  the  Cystidea3  were  either  globular,  oval,  pyrifonn,  conical, 
or  sub-cylindrical,  and  their  diuiensions  seldom  more  than  one  inch 
and  a-half  or  two  inches  in  length  and  breadth.  They  were  protected 
by  an  external  skeleton  conii)ose(l  of  flat  polygonal  calcareous  plates, 
which  were  so  accurately  fitted  together  that  they  enclosed,  with  the 
exception  of  the  arms  and  column,  the  whole  of  the  animal  almost  as 
completely  as  an  egg  is  contained  in  its  shell.  In  some  of  the  species 
the  [dates  were  neither  limited  as  to  their  number,  nor  arranged 
according  to  any  definite  order,  and  in  these,  as  the  body  increased 
in  size,  the  corresponding  enlargenuMit  of  the  8keleton  was  effected 
both  by  the  growth  of  the  older  plates  and  the  introduction  of  new 
ones  between  them.  In  uuiny  species  the  number  of  the  plates 
and  plan  of  arrangement  remained  constant  throughout  the  life  of 
the  animal,  the  shell  being  enlarged  by  the  continual  growth  of 
the  original  plates  and  without  the  addition  of  new  ones.  In  others, 
such  as  the  .species  of  the  genus  P/i  uroci/stites,  both  of  these  modes  of 
increase  prevailed,  the  dorsal  side  having  the  number  and  arrangement 
definite  and  the  ventral  indefinite.  The  growth  of  tlie  individual 
plates  ai>pears  to  have  been  by  the  assimilation  of  fr«!sh  particles  of 
matter  throughout  the  whole  mass,  instead  of  by  additions  to  the  edges. 
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III.    T/ie  Mouth,  Atnbulacral  Orijicc  and  Anus. 

In  the  Cystideae  we  find  two  and  in  some  species  three  principal 
apertures  lluough  which  the  more  important  functions  of  the  animal 
economy  were  exer<tise(l.     These  are  : — 

1.  The  })i')uf/i, — A  large  orifice  situated  on  one  side,  usually  about 
the  niidille  of  the  body,  but  sometimes  near  eithiu-  the  base  or  the 
apex.  In  many  species  it  was  provided  with  a  valvular  apparatus, 
by  which  it  was  opened  or  clos(!(l;  in  others  no  such  provision 
existeil,  or  at  least  it  has  not  b(!en  preserved  in  the  fossil  state. 
It  is  quite  probable  that  in  most  of  tiie  sfxicies  this  orifice  subserved 
the  double  function  of  a  buccal  and  an  anal  a[>erture. 

2.  The  iimhuhirral  orifice. — This  oi>ening  is  always  situated  in  or 
near  the  centre  of  tin;  upper  part  of  the  body,  and  in  the  central 


i: 


STRUCTURE  OP  THE  CYSTIDE^. 


15 


point  between  the  bases  of  the  arms  when  these  ore  present. 
Through  it  the  vessels  of  the  aquiferous  system  and  of  the  organs 
of  reproduction,  which  were  situated  in  the  grooves  of  the  arms, 
communicated  with  the  interior.  There  can  be  little  doubt  also 
that  the  nervous  filaments,  if  the  Cystideae  possessed  any,  gained 
access  to  the  arms  through  this  passage. 

Concerning  the  functions  of  these  two  apertures  much  diilerence 
of  opinion  has  existed  amongst  the  best  naturalists,  some  regarding 
the  large  opening  in  the  side  as  an  ovarian  orifice,  others  believing 
it  to  be  the  mouth.  Since  the  discovery  recently  made  of  the 
ambulacral  orifices  of  the  true  CrinoidecO  and  also  of  the  arms  of  the 
Cystideie,  it  appears  to  be  quite  certain  that  the  latter  opinion  is 
the  correct  one.  I  shall  notice  this  subject  more  at  length  in  the 
next  section, 

3.  The  anus. — In  some  species  there  is  a  third  small  aperture, 
which  is  always  situated  near  the  anex.  It  is  usually  minute  and  in 
certain  genera  has  not  yet  been  observed.  This  orifice  is  designated 
the  anus  by  most  authors,  a  view  of  its  characters  somewhat  sup- 
ported by  the  fact  that  we  know  of  no  other  function  that  can  be 
assigned  to  it.  In  the  species  which  were  not  provided  with  this 
opening,  the  excrements  were  tyected  through  the  mouth,  as  in 
those  Star-fishes  that  have  no  anus. 
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IV.    The  Arms,  Ambulacral  Grooves  and  Plnnulcb. 


The  arms  of  the  Cystide.e  only  differ  from  those  of  the  true 
Crinoide<B  in  the  position  which  their  bases  occupy  in  the  skeleton, 
and  in  the  general  inferiority  of  their  development.  The  structure 
of  the  arms  is  essentially  the  same  in  the  two  groups,  but  in  none 
of  the  Cystidea;  do  we  find  them  of  a  very  high  degree  of  perfection. 
I  propose  to  arrange  them  in  the  following  order  : — 

1.  CvstidccR  in  which  the  body  of  the  arm  was  not  developed,  but 


only  the  grooves  and  pinnuhe.  The  following  species  are  examples: 
Cnjptocrinns  crrasi/s  (von  liucli),  which  in  the  specimens  I  have 
observed,  has  fourteen  small  plates  arranged  in  a  circle  aiH)und 
the  ambulacral  orifice.  Each  one  of  these  exhibits  upon  its  surface 
a  small  irregular  scar,  which  marks  the  position  of  the  attachment 
of  a  single  pinnula.  No  grooves  are  visible,  but  it  is  quite  evident 
that  this  species  had  no  true  arms. 

In    Erhhin-encrimtcs  aiigulosus   (I'ander),   there    were   five    or   six 


)innului,  with  their  corr 


espoi 


nding  grooves. 
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In  the  genus  Glijpfosphceritcs  (Miiller),  represented  by  the  species 
Sp/ueronlfcs  Leuchfcnbergii  (Volborth),  very  slightly  impressed  grooves 
radiate  fiom  the  ambulacral  orifice  and  ramify  over  the  surface  of 
the  body.  At  the  end  of  each  branch  the  place  of  the  attachment  of 
a  pinnula  is  seen.  Upon  the  closest  examination  of  good  specimens 
I  have  been  unable  to  detect  any  indication  that  these  grooves  were 
occupied  by  an  arm  that  was  bent  backward  upon  the  body  as  in  the 
genera  Apha/stitcs  (Forbes),  and  Calloci/sfitcs  (Hall).  It  is  also  quite 
clear  that  the  pinnulae  were  not  seated  upon  arms  of  this  kind,  but 
immediately  upon  the  surface  of  the  plate.  The  grooves  are  not 
excavated  but  impressed  ;  they  appear  as  if  they  had  been  formed. by 
several  fine  threads  lying  on  the  surface,  while  the  plates  were  too 
soft  to  sustain  their  weight.  In  this  species  the  pinnulae  were  distant 
from  each  other  and  scattered  over  the  greater  part  of  the  body.  In 
C.  ccrasvs  they  formed  a  circle  around  and  quite  close  to  the  orifice, 
and  in  E.  angi/losus  they  were  also  confined  to  the  apex,  but  some- 
what scattered  According  to  my  views  we  have  in  these  forms  the 
lowest  and  most  rudimentary  condition  of  the  radii  yet  seen  in  any 
Oiiioide.o  or  (Jystideie.  The  ambulacral  vessels  issued  from  the 
interior  through  the  orifice,  and  having  nothing  to  support  them, 
crept  along  the  surface,  sending  out  branches  to  those  points  where 
the  piiuiulie  arosi;.  The  main  trunk  of  the  arm,  or  that  which 
bears  the  pinnulto  in  the  Crinoids,  was  totally  absent:  it  was  never 
developed.  There  is  nothing  but  the  grooves  and  the  pinnulae  to 
indicate  the  existence  of  an  ambulacral  system. 

2.  Cystidere  in  which  the  arms  were  developed,  but  bent  back- 
ward and  attached  to  the  body.  In  these  we  perceive  a  structure 
one  stage  more  perfect  than  in  the  several  species  just  noticed.  The 
arms  of  Apionjsfifcs  pnifrcniafoidcs  (Forbes),  Callocystttcs  Jcwctlii  (Hall), 
and  G/i/plofi/stitcs  miif/ipnrus,  are  all  constructed  upon  the  same  type. 
Thry  originate  in  the  apex  of  the  fossil,  where  their  bases  are  all 
crowded  together  into  a  narrow  space,  in  the  centre  of  which  is  the 
ambulacral  orifice.  They  are  composed  of  double  series  of  flat  plates 
which  alternate  with  each  other,  and  have  the  usual  grooves  of  the 
Crinoids  along  their  centres.  On  each  side  of  the  groove  is  a  row  of 
piniiulie.  From  the  main  groove  smaller  ones  branch  out  to  the 
base  of  each  pimiula.  The  whole  structure  is  exactly  that  of  the 
arms  of  the  true  Crinoideic,  but  not  so  perfectly  dc!veloped.  The 
arms  of  all  the  Crinoids  have  sulHcient  strength  to  stand  erect,  but  in 
these  Cystideie  it  appears  to  have  been  otherwise,  and  conse<juently 
we  find  them  not  free  and  supporting  theniselves,  but  lying  at  full 
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length  upon  the  surface  of  the  body.  In  Amygdaloajstiles  jlorenlis 
and  the  two  species  of  Maloajstites,  the  arms  are  also  recumbent, 
but  their  position  is  somewhat  different.  The  grooves  are  not  in 
the  centre  of  the  upper  surface  of  the  arms,  but  upon  one  side,  and 
there  is  but  one  row  of  pinnulae.  These  characters  are  not  the 
results  of  a  different  structure,  but  are  occasioned  by  the  curious 
position  of  the  arms,  which  do  not  rest  with  their  backs  in  contact 
with  the  surface,  but  with  one  of  their  sides  undermost. 

3.  Cystidea  with  free  arms. — The  only  species  known  is  Comaro- 
cystitcs  punctatus  (Billings),  which  has  not  only  the  free  arms  but  also 
the  pinnuluc  of  a  true  Crinoid.  It  is  probable  that  some  of  the  small 
Cystideans  described  by  Professor  Forbes,  in  the  "Memoirs  of  the 
Geological  Survey  of  Great  Britain,"  belong  to  this  group.  The  four 
little  prominences  on  the  toj)  of  Caryocystitcs  mvnllus  appear  to  be  the 
remains  of  arms  which  were  free,  and  of  a  large  size  in  proportion 
to  the  magnitude  of  the  body.  The  genus  Flcnrocystilcs  has  two 
appendages  which  are  more  of  the  nature  of  pinnulae  than  arms. 
They  are  composed  of  a  double  sisries  of  joints,  and  have  the  grooves 
bordered  by  small  marginal  plates.  In  this  respect  they  exactly 
resemble  the  pinnuhe  of  Fenlacrinvs  capvt-3Icdusce  as  figured  by  Miller. 
Although  in  the  descriptions  of  the  species  I  have  called  them  arms, 
I  am  not  at  all  satisfied  that  they  are  entitled  to  be  so  designated. 

The  distribution  of  the  arms  of  the  Cystideae  above  given  into 
three  kinds,  is  not  intended  as  a  classification  of  the  species  into 
groups.  On  the  contrary,  we  find  that  widely  different  genera,  such 
as  MalocystUcs  and  Ai>iocystltcs,  have  recumbent  arms,  and  others 
equally  far  apart,  such  as  Echim-cncrin'itcs  and  GlyiHosphcerites,  with 
pinnulu3  only,  while  Comarocysfitcs,  which  agrees  with  the  Sphcerovites 
in  the  numerous  plates  of  the  body,  has  the  arms  free.  Even  in 
the  same  genus  we  have  two  of  those  degrees  of  development,  for 
Glyptocyslitcs  Loganl  has  only  pinnuhe,  but  G.  multiporus  has  both 
recumbent  arms  and  pinnuhe.  It  is  quite  clear  therefore  that  such 
characters  are  not  often  of  more  than  mere  specific  importance  in 
classification. 

V.    The  Ciilycine  Pores  or  Pectinated  Rhombs. 

Many  of  the  Cystidcie  were  also  provided  with  a  peculiar  system, 
consisting  of  pores  which  penetrated  through  the  plates  of  the  body, 
and  probably  served  as  media  of  communication  between  the  interior 
and  exterior,  although  the  precise  nature  of  their  functions  has  not 
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yet  l)e('ii  ascertained.  The  form  and  distribution  of  tliese  pores 
vary  greatly,  but  certain  groups  of  species,  closely  related  by  other 
characters,  have  them  arranged  after  a  plan  common  to  themselves, 
and  not  found  in  the  species  of  other  groups.  Thus  the  genera 
Pninonjsfltcs  (Forbes),  rseudocrinitcs  (Forbes),  Aploajstiks  (Forbes), 
and  L( inulocnii'ttcs  (Conrad),  belong  to  a  group  characterized  by  a 
skeleton  compos(>d  of  a  small  number  of  plates,  about  twenty,  which 
are  arranged  in  four  s(!ries.  All  these  have  three  pectinated  rhombs, 
one  situated  at  the  base  and  two  muir  the  a[)ex.  Echhin-cnciinites 
(Sleyer)  and  Ghiptonjathes  have  tlie  same  nmnber  of  plates,  but 
the  rhombs,  although  the  same  in  general  structure,  are  ariiuiged 
in  a  manner  somewhat  dill'erent  fi'om  the  othei's :  Echino-oicrinites 
having  two  rhombs  at  the  base  and  one  in  the  upper  part  of  the 
body,  while  G/ijpfocijstiffis  has  from  ten  to  thirteen  rhombs  ;  but  two 
of  these,  in  G.  muliiporiis  and  also  G.  Forbes},  are  situated  at  the 
base  of  the  dorsal  side,  in  a  position  (exactly  like  that  of  the  two 
basal  rhombs  of  Echiun-cncrinitai.  In  tliose  genera  with  the  skeleton 
composed  of  an  indefinite  number  of  plates,  the  pores  are  circular, 
and  not  clefts  of  considerable  length,  as  in  the  others.  It  appears 
therefore  that  good  characters  for  classifying  the  species  of  the 
Cyslideoj  into  groups  can  be  derived  from  the  form  and  arrangement 
of  these  organs,  and  accordingly  a  elassification  uj)on  this  principle 
has  been  proposed  by  Professor  J.  Midler  of  Berlin.  The  outlines 
of  his  system  will  be  given  hereafter. 

VI.   The  Column. 

The  stem,  stalk  or  column  of  the  Cystidea^  is  usnally  short  and 
tapering  from  the  body  downwards.  In  other  respects  it  is  the  same 
in  structure  as  the  colunms  of  the  ordinary  Crinoidea^.  The  most 
remarkable  form  is  the  column  of  Lciuidocrinhes  gchhurdii  (Conrad), 
from  the  Lower  Ilelderbcrg  rocks  of  the  United  States.  It  differs 
from  all  others  known  in  having  a  large  portion  of  the  lower 
extremity  composed  of  a  single  long  spindle-shaped  joint. 


SECTION  II. 


ON   THE   AMUULACUAL   ORIFICKS   OF  TIIK   CYSTIDEiE    AND    CRINOIDE^li. 

If  it  were  possible  to  procure  a  Cystidean  with  all  the  internal 
and  external  organs  perfectly  preserved,  it  might  be  easy  to  deter- 
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niino  accurately  thi;  fiiiictions  of  the  several  orifices  that  have 
occasioned  so  inucli  discussion  among  the  eminent  naturalists  and 
pal<'eontoU)gists  who  have  written  upon  the  structure  and  iiHinitios 
of  these  fossils.  It  is  not  however  [)robable  that  a  singh>  specimen 
retaining  ev(Mi  a  vestige  of  the  soft  parts  will  ever  he  discovered, 
and  we  are  compel NmI  tlierefore  to  content  ourselves  with  tlie  next 
best  method  of  conducting  the  investigation.  The  only  course  is 
to  proceed  by  examining  and  comparing  the  otlices  of  the  ambulacra! 
grooves  and  apertures  of  some  of  tiie  existing  species  of  Ecliinoder- 
mata  which  have  been  dissected  by  observers  of  good  fiuthority. 
In  pursuance  of  this  plan,  I  shall  here  notice  briefly  such  points  in 
the  organization  of  the  Star-fishes  and  recent  Criuoids,  as  appear  to 
have  a  direct  bearing  upon  the  subject. 

I.  Amhuhicni  nf  the   Star-Jishrs, 


ml 


1 1 


The  Star-fishes  are  not  closely  related  to  either  the  Crinoidea3  or 
the  Cystidea;  in  the  structure  of  their  skeletons,  but  they  present 
the  most  perfect  examples  of  Echinoderms  with  all  the  anil)ulacral 
vessels  located  in  grooves  upon  the  outside.  The  mouth  is  situated 
in  the  centre  of  the  imder-side  of  the  body,  and  th((  aiiibulacra 
consist  of  a  set  of  d(!ep  furrows  which  radiate  tlHU'cfrom  to  the  outer 
extremities  of  the  rays.  They  contain  the  following  organs,  all  of 
which  communicate  with  the  interior  by  passing  inward  through 
the  mouth. 

Ist.  T/ie  aqii/fcfoiis  cnnah,  consisting  of  a  set  of  long  tubular 
vessels  extimding  the  whole  length  of  th((  furrows  and  entering  tlie 
mouth.  They  are  attached  to,  or  originate  in,  another  vessel,  which 
forms  a  ring  around  the  mouth,  inside  of  the  body.  Connected  with 
these  vessels,  and  situated  in  the  grooves,  are  two  or  four  rows  of 
suctorial  feet,  the  whole  constituting  the  most  extraordinary  system 
of  locomotion  known. 

2d.  The  nerves  of  the  aiiihuhicra.  These  are  also  connect('(l  with  a 
ring  around  the  (psoj)hagus,  and  pass  out  from  the  interior  through 
the  month.  The  main  trunks  lie  along  the  bottoms  of  the  ambula- 
cral  grooves,  and  send  out  branches  to  the  suctorial  feet. 

3d.  The  bhail-vcssds,  which  also  proceed  from  circular  canals  in 
the  interior,  and  reach  the  ambulacra  througli  the  mouth. 

The  a(|uirerous  canals  and  suctorial  feet,  with  their  nerves  and 
blood-vessels,  constitute  the  ambulacral  system  of  the  Star-fishes  ; 
and  as  all  the  organs  are  situated  on  the  outside  of  the  animal,  and 
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coiiiinunicato  with  ''  •  interior  through  the  mouth,  ono  of  the 
Junctions  of  the  ap<  irc  is  that  of  an  anibuhuual  orifice.  In  those 
species  vvitliout  an  anus,  the  ova  and  excrements  an;  extruded 
through  the  oral  opening.  In  many  which  have  an  anus  there  are 
several  sets  of  genital  pores  for  the  production  of  the  eggs. 

The  following  then  are  the  apertures  which  in  the  Star-fish  with- 
out an  anus  are  all  combined  in  one : — 


1.  The  mouth. 

2.  Th(!  anus. 


3.  The  ovarian  apertures. 

4.  The  ambulacral  orifice. 


In  those  with  an  anus  and  genital  pores,  the  mouth  has  of  course 
but  two  functions. 

II.    Recent   Crinoids. 


. 


In  the  recent  species  of  Crinoids,  such  as  Pentacrhms  caput- Mediisce, 
and  the  several  species  of  the  genus  Comofitla,  the  ambulacral 
grooves  radiate  from  the  mouth  and  are  continued  along  the  ventral 
sid(^s  of  the  arms  to  their  (extremities.  At  first  thcM-e  are  five  only, 
but  these  divide  into  ten  before  rdiching  the  margin,  in  order  to 
furnish  a  groove  for  each  of  tlii!  ten  arms  (see  fig.  1).  The  grooves 
also  send  olf  slender  branches  to  the  pinnul;e,  and  they  are  all 
provided  with  suctorial  fieet,  ambulacral  canals,  nerves  and  blood- 
vessels, as  in  the  Star-fishes.  The  young  however  do  not  escape 
through  the  mouth,  but  the  ova  are  developed  beneath  the  soft  skin 
in  the  grooves  on  the  ventral  side  of  the  pinnuhe,  and  when  the 
proper  time  arrives  are  set  free.  The  vessels  of  the  arms  all  enter 
tlirough  the  mouth,  and  as  there  is  always  a  distinct  anus,  it  follows 
Ihat  this  aperture  has  two  functions. 

1st.  It  is  the  mouth. 

2d.   It  is  the  ambulacral  orifice. 

3d.  It  must  also,  to  some  extent,  be  regardtul  as  an  ovarian 
aperture,  because  in  all  animals  there  must  exist  a  connection  of 
some  kind  between  the  reproductive  and  nutritive  systcuns.  It  has 
been  demonstrated  by  Mr.  ,T.  V.  Thompson  of  Cork  (see  Edinburgh 
New  Philosophical  Journal,  1S-"}G),  that  the  ova,  as  above  mentioned, 
are  generated  in  the  arms  and  pinnuhe  outside  of  the  body  ;  and 
as  there  is  no  other  aperture  for  that  purpose,  then  it  must  follow 
that  whatever  may  be  the  vessels  by  which  a  communication  is 
elfected  between  the  ovaries  and  the  interior,  they  can  only  pass 
through  the  mouth.     For  the  same  reason,  the  ambulacral  orifices 
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of  thn  pa1.ro/oic  Criiioids  (to  bn  inoiitioned  in  the  next  paragrnpli) 
piirtai\(?  aJHo  of  tlu;  nature  of  nrnrian  or  genital,  apcifiirex. 

The  structure  of  the  Star-fishcs  and  rcccnit  Cririoids  only  agrees  in 
these  ro8[K'cts:  that  both  jiroups  luive  the  ambulacra  outside  of  the 
body,  and  the  anibulacral  orilice  and  mouth  combined  in  a  single 
opening. 

III.    The  Puheuzoic  Crinoids. 

In  at  least  a  ijreat  many  species  of  the  palseozoic  Crinoids  we 
fmd  an  arrangeuuMit  so  dilFerent,  that  it  almost  justifies  their 
separation  into  a  division  distinct  frou)  the  re<!ent  forms.  The 
structure;  of  the  arms  is  precisely  the  same,  and  there  is  not  the 
least  doubt  that  tlunr  functions  were  also  to  support  the  ambulacra 
and  reproductive  organs,  as  in  Prntacriims  and  Comatiila.  In  the 
ventral  stnfiice  however,  or  in  the  circular  space  surrounded  by 
the  arms,  there  is  only  one  large;  opening,  but  no  grooves  radiating 
from  it  to  those  of  the  arms.  To  shew  more  clearly  the  difference 
between  the  recent  and  extinct  species  in  this  respect,  I  have 
constructed  the  followins;  diairranis  : — 


:!' 


•  I 


Fig.  1.     Recent  Crinoid. 


Fig.  2.    Piilii'ozoic  Crinoid. 


Figure  1  is  a  diagram  ctf  the  ventral  surfiicc;  of  a  recent  Crinoid 
with  the  mouth,  m,  situated  in  tlie  cenrre,  and  the  anibulacral 
grooves  radiating  from  it  to  tlu!  arms.  The  anus,  «,  is  situated 
between  the  centre  and  the  marLjin,  and  in  some  of  the  species  of 
the  genus  Comalula  it  forms  a  tubular  projection  of  several  lines  in 
length. 

Figure  2  is  an  id(!al  representation  of  the  ventral  region  of  a 
paheozoic  Crinoid,  with  only  one  opening,  m  a,  but  witli  no  grooves 
leading  from  it  to  the  arms. 
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All  itiil.i'oiitolo^isls  iirc  iinnu'd  tliiit  tliin  Hiii<flt!  a|>t'rtur(',  (oimd 
in  all  tlif  jiiiciciit  Ciiiioidc'r,  is  both  tlic  inoiitli  and  flu;  iinua. 
It  is  HoinoMincs  sitiiiitrd  in  the  cfiitro,  (!([uidistiint  tVuiii  tin;  bast's 
of  tin;  arms;  sonn-tinn's  bi'twcu'n  tlic  ccntn!  and  tho  niarj^in  ;  and 
in  11  ft'W  s[>i'cii's,  sncli  as  in  Cunjorrinus  nnmlKs  (Say),  it  is  placed 
nt  the  t'llifc  of  I  he  cnp,  bctwfcn  the  bastes  ot  two  of  the  aims. 
It  is  ofiiMi  level  with  I  he  .snifaco,  i)nt  in  many  s^xu'ies  it  is  in 
the  to[)  ot"  a,  lonu;  tnbis  the  so-called  jiroboscis,  which  is  frennently 
longer  than  the  arms,  and  projects  above  their  extrenntit^s  when 
thoy  are  erect.  The  aniUnlacral  fj;rooves  how«'ver  an;  oidy  fonnd 
in  the  arms.  They  are  not  continntid  aloiiij;  the  snrface  of  the 
body  to  the  month,  as  in  the  Scar-lishes  and  recent  Crinoids;  and 
nnless,  therefore,  there  be  sonn)  other  provision  made  lor  their 
entrance,  it  is  dillicnlt  to  see  how  the  ambnlacial  canals,  nerves 
and  blood-vessels  conid  commnnicate  with  tin;  interior.  In  those 
species  with  the  month  not  elevated  they  mJLrht  iiiid  their  way  along 
the  snrface,  bnt  it  is  improbal)h!  that  they  conld  do  so  withont 
leaving  some  trace  of  their  passage;  and  in  (Jrinoids  with  a 
proboscis  it  appears  impossible  that  this  course  conld  be  followed 
at  all.  Provided  therefon;  the  usual  description  of  the  paheozoic 
( 'rinoids  W  correct,  /'.  c,  that  they  have  only  one  aperture,  then 
their  ambnlacial  system  must  have  Ixm'Ii  totally  discoiiin  cted  from 
the  interior  of  the  animal — a  sn[)position  that  would  1)0  contrary  to 
all  the  anahtgies  finnished  by  the  structure  of  the  other  groups  of 
the  I'chinodermata. 

I  have  long  been  of  opinion,  that  at  the  bases  of  the  arms  of  the 
extinct  species  there  were  s[)ecial  apertures  provided  Ibr  the  passage 
ot' the  amlndacral  vessels,  bnt  the  tnideiu'e  in  my  possession  did  not 
appear  snllicient  of  itselj'  o  warrant  the  ]>ublication  of  such  a  view. 
Having  had  however,  w  ii  liin  the  lasi  few  months,  opportunities  of 
snidving  a  large  nund)er  of  s[)ecimens  in  the  collections  of  England 
and  France,  I  am  now  satislied  that  then;  can  be  no  (''nnbt  about 
the  nnitter.  It  is  cpiite  certain,  that  a  great  many  of  the  (extinct 
Crinoids  had  either  live,  ten,  twenty,  or  more  of  these  op(>nings, 
and  that  through  them  the  vesstds  of  the  ambulacra  passed  from 
the  ufotncs  of  the  ai-ms  dIreciU'  into  the  visceral  cavity.  AV'hile 
examining  the  magnilicent  col'.i'etioii  of  the  >'}eological  Snrv(!y  of 
the  United  Kingdom  I  fonnd  ni'uiy  ,<ecie^  •.vhich  exhibit  these  aper- 
tures in  a  most  jteiiect  statt;  of  ])ii!se-<  :.n( n  ;  auo  upon  (tonsnlting 
Mr.  Tlnunas  A.  Huxley,  I'Mi.S.,  whi;  ;•  profonm'iy  ac(piainted  with 
the  details  of  the  structure  of  all  the  oiders  of  the  Echinodernmta, 
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I  was  (li .  .;lit(;(l  to  fiiid  tliut  ho  liiir'  jil  i-ady  aniv«l  at  the  Bixme 
niNiilts.  ii'id  lijul  i),  ill  vit'w  to  pi('j);irc  u  |»iHK'r  upon  tli«  .hjiict  for 
llif  " 'rniiisiictioiis  ot  tilt!  ( Jcoldit'u'iil  S  ''it'ty.''  '  j  nw  my  iiiunniiig 
liiiii  li()\v<iv(!r  lliiit  I  was  also  ulxmt  to  piibliHli  tlie  saiao  «list ,  ciy  in 
this  th'(  ado,  lio  ill  tiie  most  lilxual  manner  made  over  his  inalcn  v 
to  inc,  and  I  am  thus  I'liahU'il  to  givn  a  liguro  of  ylf/iWr/'"".*  n/gosi/s, 
whicli  shews  tiio  coiirst"  of  the  aiiihiihicia  uikKt  tht;  venli    '     uliici. 

Tlie  priiK'ip.'l  (iilliculty  in  provini;  tlie  existence  of  tlies  orifices 
is  to  (i  '1  »pi'i5i'iu;ns  so  litthi  mutihited  at  the  hast;  of  tlie  an.  >  as  to 
exhihit  Uio  u[M  rtares  with  thtnr  margins  uninjiinMl.  Hundreds  of 
exai)i(»h"<  oeciir  vvitli  hir^e,  irregiihir  oixinings,  but  as  th«'  edges  nro 
fractured  ;ill  around  it  is  impossibh;  to  say  whether  or  not  th(!re  were 
luiginally  any  iiatiual  apertures.  Tt  is  only  in  individuals  which 
have  been  well  prtiserved,  and  (carefully  collected  and  cleaiunl,  rhar 
the  facts  can  bo  clearly  observed.  In  some  of  the  species  the 
apertures  are  exceedingly  small,  and  so  fdl(;d  with  crystalline  matter 
that  they  can  only  be  seen  very  indistinctly.  In  Curijitcnnm  oniatus 
(Say),  lor  instance,  there  an;  certainly  iiidi(;ations  of  the  exist(Miee  cf 
minute  apertures,  yet  in  th<!  best  s[teciiuens  I  have  seen  it  would  be 
ha/anious  to  assert  it  [>ositively.  In  all  the  species  of  Wuidocrium. 
AciiiKin-iiiiis  and  r/ntjini/iiis,  tlu;  apertures  are  in  general  large  and 
easily  observed.  ]Most  of  the  Lower  Silurian  specimens  are  in  such 
a  condition  that  nothing  can  bi;  determined  with  certainty  concerning 
any  of  the  orifices.  In  one  species  from  the  Chazy  and  two  from 
the  Trenton  liim>stone,  all  of  the  genus  Ili/ljocriiius,  I  have  however 
ascertaiiKid  tlunr  existenct;. 

The  following  ar(^  some  of  the  species  in  which  I  have  seen  clearly 
that  these  apertures  actually  do  penetrate  through  into  the  interior 
of  the  visceral  cavity: — 

1.  Kiirti/i/jitorriiii/s  dcci'iim  (I'liillips). — In  this  nMiiarkable  Crinoid 
tl'.e  arms  art;  always  foimd  closed  into  the  niche-like  divisions  ol  the 
proboscis  and  ventral  portion  of  the  cu[>.  It  is  one  of  those;  species 
wliose  structure  renders  a  passage  for  the  ambulacral  canals  through 
the  mouth  almost  ini[>ossil)le,  as  the  orifice  is  situated  in  the  apex  of 
a  tube  that  projeets  above  the  extremities  of  the  arms.  In  order  to 
enter  the  body  in  hat  direction,  the  vessels,  after  descending  the 
groove  on  the  insi(h'  of  the  arm.  could  only  proceed  by  climhing  the 
outside  of  tlu!  pl•obosci^,  by  which  course  the  projecting  knob  of 
plates  at  the  tojw  \\  ould  lia\  t*  to  W  surmounted.  A  more  inconve- 
nient route  could  scarcely  l>e  VUiagiiieil,  and  we  tind  that  nature 
has  provided  a  much  shorter  our.      While  collecting  fossils  in  the 
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Niagjiin  linu\stono  last  year,  I  procunnl  at  TlioroUl,  near  tlio  Wtilland 
Canal,  a  spcciincii  which  had  beon  8|tlit  in  two  iVoni  the  apex 
downward.  1  found  oidy  a  portion  of  ono  of  tlu;  halves.  Tho 
cavity  of  tlu!  body  and  proboscis  had  been  lillod  with  somo  soft 
nialciiai,  which,  upon  exposure  to  the  weather,  had  totally  disap- 
peared, thus  exposing  tiie  structure  of  the  inside  of  the  cup  as 
distinctly  as  could  be  desired. 
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I'iir.  3.     FiMi;iueiu  ot"  Eucdiyplnrriniis  ilccorus  (Phillips),  slicwing  .six 
vt'  iho  iinibiiliUM'nl  orifices. 
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There  are  two  orifices  at  the  base  ol'  each  arm,  and  consequently 
tweiiiy  in  all,  as  this  species  has  ten  arms.  The  specimen  oidy 
retains  six.  They  are  of  an  oval  shai^s  about  one  line  in  length 
and  one-third  of  a  line  in  greatcsi  width.  Kach  pair  is  separated  by 
a  small  elongated  ridge-like  plate  or  |)roce.ss,  which  eamiol  be  seen 
on  the  outside  oi'  the  cup.  All  the  inter-radials  which  ;ire  situated 
in  the  .same  le\t'l  with  the  a|>i'rnurs  have  at  each  of  their  up[>er 
angli's  a  shar[)  prot'ess,  which  [;rojc('ts  inwards  about  hall-a-line. 
(In  fiizure  3,  if  the  dotted  line  I'rom  the  letter  a  were  continued,  it 
would  cross  the  centres  of  the  apirtures  and  inter-radials  here  referred 
to.)     The  processes  are  above   th<>   line,  and   camiot   be  shewn   by 
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le  small    plates  wliii'h  separate  the  two  pores 


of  e.'.cli  pair  of  the  orilices  have  aNo  each  a  similar  process,  between 
wliieli  and  the  process  of  the  contiguous  inter-radial  there  is  a  very 
narrow  [)assage  from  the  orifice  upwanls;  and  it  is  possible  that  the 
ambiilacral  canals  took  an  ascending  I'onisc  by  this  route  alter 
gaiiii'.iir  the  interior.  I'pon  such  points  however  of  the  internal 
structure  of  the  Crinoids,  all  thai  can  be  oil'cn  d  pcihaps  |(ir  an  age 
yer  to  come  mnsr  lie  merely  conjictural.  The  main  tiicl  pidved  by 
this  s[)('eime;i  is  rhe  existence  of  the  amluilacral  orilices  at  the  base 
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of  the  arms,  and  that  consequently  it  was  not  necessary  for  the 
vessels  to  climb  the  proboscis  in  order  to  reach  the  interior. 


Fig.  4.     Side  view  of  a  fragment  of//,  pristinus. 
Fig.  5.     The  same,  seen  from  above,  shewing  the  continuation  of 
the  ambulacral  grooves  of  the  arms  into  the  interior. 


ni. 
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2.  ILjbacrinns  prisdiins,  11.  conicus,  and  11.  tumidus,  (Billings,)  have 
five  ambulacral  orifices  each,  and  they  are  formed  according  to  a 
plan  which  will  be  found  somewhat  common  among  the  species  of 
those  genera  which  have  short  cup-shaped  or  round  bodies,  such  as 
Cyat/wcri/mi,  I'otcriocrinus,  Dvndrocrinus  and  others.  The  first  radial 
plate  has  a  projection  of  the  central  portion  of  the  upper  margin, 
which  folds  round  and  makes  a  conspicuous  rounded  channel  which 
descends  along  the  inside  of  the  plate  to  the  interior.  The  upper 
edge  lias  a  horse-shoe  form,  corresponding  exactly  to  the  first  joint 
of  the  arm  which  is  seated  upon  it.  These  species  shew  that 
generally  the  notches  which  we  see  in  the  detached  first  radial 
plates  of  so  many  others  are  only  continuations  of  the  grooves  of 
the  arms  into  the  interior. 

3.  liliodovrimis  htirm  (Piiillips). — Good  specimens  of  this  species 
exhibit  very  distinctly  ten  ainbulacral  openings.  They  penetrate  into 
the  interior  at  about  one-half  the  height  of  the  body,  and  tluiir  margins 
are  formed  on  the  lower  sides  by  a  semi-circtdar  notch  in  the  upper 
edge  of  the  second  plate  of  each  of  the  secondary  rays,  and  on  tlie 
upper  by  several  of  the  small  abdominal  plates.  In  no  other 
species  is  there  more  unequivocal  evidence  of  the  existence  of  these 
ojxMiings,  but  they  are  accompanied  by  a  structure  which  seems  to 
indicate  fwo  sets  of  arms  placed  one  above  the  other.  I'eneath  the 
orifices  tlien^  are  two  articular  surfaces,  which  mark  the  bases  of 
two  arms  ;  ;■  .d  above  each  pair  of  the  orifices  there  is  a  pmjection, 
whi<'h  also  much  resembles  the  base  of  one  or  two  more  arms. 
TIh'v  are  very  accurately  figured  in  riiillips'  "  Geology  of  Yorkshire," 
vol.  ii.  pi.  V.  figs.  2:1,  21,  2-'}.  T  shall  introduce  one  of  these  figures 
here,  in  onK'r  to  shew  their  peculiar  structure  : — 
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Fig.  G.     One  of  the  raya  of  Rliodocrinus  bursa  (Phillips). 

In  this  figure  r,  r,  r,  are  the  three  primary  radials ;  s,  s,  the 
seconditrios;  «,  o,  the  arabulacral  orifices;  />,  the  five  basal  plates; 
i,  two  of  the  sub-radials ;  and  a,  what  appears  to  be  the  phice  of  a 
pair  of  arms.  In  some  of  the  specimens  this  feature  is  exhibited 
so  prominently  tliat  it  strongly  impresses  the  observer  with  the  idea 
of  two  tiei's  of  brachial  appendages.  It  may  be  however  that  there 
were  projecting  from  this  part  of  the  vault  a  set  of  large  spines 
corresponding  in  numbers  with  the  arms,  llhochcriiius  differs  in  no 
respect  from  Tlujsanocrhms  (Hall),  provided  we  still  depend  for 
generic  characters  altogether  on  the  structure  of  the  cup  below  the 
point  whore  the  arms  become  free.  But  if  the  form  of  the  vault 
be  taken  into  account,  then  the  English  genus  is  different  from  the 
American. 

The  vault  in  R.  bursa  rises  above  the  ambulacral  orifices,  and  in 
fact  projects  a  little  outward  over  them,  so  that  they  penetrate  into 
the  side  of  the  cup,  below  the  margin,  instead  of  being  placed 
immediately  above  and  inside  of  the  margin,  which,  from  the 
position  of  the  arms,  must  be  their  place  in  Tbijmnocr'nms. 

4.  Acdnocrinus  rugosiis. — For  tht;  structure  of  this  interesting 
species  I  am  indebted  to  ]\Ir.  ITuxley,  and  the  figures  given  in  the 
following  page  w^ere  drawn  from  a  specimen  in  his  possession. 

In  this  species  the  plates  are  very  thick,  and  the  ventral  side 
rises  dome-shaped  above  the  point  of  attachnuMit  of  the  arms,  so 
that  the  ambulacral  orifices  are  rather  nearer  the  bottom  than  the 
^op  of  the  l)ody.  The  proboscis  is  excentric,  large,  and  not  iierpen- 
dicular,  but  proj«'ctinu'  ol)li(]uely,  so  that  when  the  arms  wei'c  closed 
its  apex  probably  was  thrust  out  between  two  of  them  on  one  side. 
The  mouth  appears  to  have  be(!n  closed  ])y  a  uinnl)er  of  small  plates, 
which  were  no  doubt  so  connected  by  an  extensible  membrane  as 
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to  permit  of  a  considerable  amount  of  dilation.  The  ambulacral 
orifices  are  ten  in  number,  and  enter  the  cup  at  the  base  of  the  arms. 
They  do  not  however  immediately  penetrate  into  the  cavity  of  the 
body,  but  ascend  towards  the  top  of  the  ventral  elevation  by  five 
tunnel-like  passages,  which  lie  under  the  external  plates  and  extend 
nearly  to  the  apex  of  the  dome.  These  passages  are  floored  by  a 
series  of  plates,  which  form  an  elongated  arch  under  them.  They  do 
not  reach  the  centre  at  the  summit,  but  are  discontinued  at  about 
two-thij'ds  the  distance  from  the  base  of  the  arms. 


hi 


Fig.  7.  A  spcciraeu  of  J.  rugosus,  shewing  the  course  of  the  ambulacral 
channels  from  the  orifiecs  towards  the  summit.  The  exterior 
plates  have  been  removed,  leaving  the  floors  of  the  channels 
visible.  They  terminate  below  the  summit,  at  the  points 
indicated  by  tlic  lines  diverging  from  «. 

Fig.  8.     View  of  the  oiiposite  side  of  the  same  specimen. 
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In  order  to  ascertain  whether  these  tubes  might  exist  in  other 
individuals,  I  procured  several  other  specimens  from  the  dealers  in 
fossils  and,  upon  removing  the  outer  plates,  found  the  same  structure 
in  all.  Upon  grinding  down  the  sunnnit  of  one  of  these,  I  find  that 
the  tubes  do  not  reach  the  top  of  the  vault,  but  terminate  at  a  short 
distance  below. 
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Fig.  9. 
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Figure  9  is  a  view  of  a  section  made  transversely  through  the 
upper  half  of  the  ventral  dome  of  a  specimen.  The  unshaded  border 
shews  tlie  great  thickness  of  the  plates  of  the  vault.  The  tubes  and 
visceral  cavity  are  filled  with  soft  light-brown  rock,  m  is  the  mouth, 
which  is  cut  through ;  at  1  is  a  tube,  the  floor  of  which  has  thinned 
out  so,  that  it  already  communicates  with  the  visceral  cavity;  a2  is 
another,  with  the  floor  remaining ;  3  and  4  are  in  communication 
with  the  interior,  although  in  consequence  of  the  truncation  being 
a  little  oblique,  they  are  exposed  at  a  lower  level  than  the  others  ; 
6  is  one  with  the  external  plates  removed,  leaving  the  bottom  of 
the  channel  exposed  down  to  the  arm.  The  floor  extends  upwards 
four  lines  Jind  a-half,  and  thins  out  just  before  it  reaches  the  level  of 
the  truncation. 

The  important  additional  fact  established  by  these  specimens,  and 
first  ascertained  by  Mr.  Huxley,  is  that  at  least  in  this  species  the 
ambulacral  vessels,  after  entering  the  body,  turn  upwards  towards 
the  centre  of  the  summit. 


I'--  ■;■ 
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Fig.  10. 


Fig.  11. 


Fig.  12. 


5.  Actimcrhms  stdlarls  (DeKoninck)  has  twenty  ambulacral  orifices 
which  enter  the  body  from  the  second  or  third  plates  of  the  tertiary 
rays.  The  ventral  dome  is  very  large,  and  at  its  base  forms  five 
projecting  lobes,  in  each  of  which  are  four  of  the  orifices.  Figure  10 
represents  one  of  the  lobes  of  a  specimen  in  my  pos.sossion.  One 
of  the  orifices  (fig.  10)  is  perfect,  and  shews  that  fho  margin  of  the 
upper  half  is  formed  of  five  small  plates,  while  the  lower  sid(^  lies 
in  the  excavation  in  the  tertiary  radial  plate.  Tliis  excavation  is 
simply  the  ambulacral  groove,  which  is  here  contiinied  into  the 
body.  P"'ig.  11  is  an  enlarged  view  of  another  orifice.  A  fragment 
of  the  vault  of  this  species,  which  is  em[>ty,  e.'liil)its  a  broad  rounded 
furrow,  bounded  on  each  side  by  two  angular  ridges  running  towards 
the  summit  (fig.  12).  It  occupies  the  position  of  one;  of  the  internal 
channels  in  A.  amphora,  and  no  doubt,  as  in  that  species,  served  to 
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conduct  the  ambulacra!  canals  towards  the  summit  of  the  ventral 
side. 

G  r radocr'nnis  Bai/lii.  (deVerneuil*),  a  species  which  occurs  in  the 
Devonian  rocks  of  Sabero,  in  S[)ain,  has  ten  ambulacral  apertures 
very  clearly  exhibited.  The  ventral  surface  of  this  fine  species 
consists  of  numerous  small  plates,  the  mouth  is  excentric,  and  there 
are  ten  arms.  The  apertures  are  xbrmed  by  a  notch  in  the  second 
plate  of  the  secondary  radials  on  one  side,  and  on  the  other  by 
several  small  ventral  plates,  as  in  Acthiocrinus  sfcUaris.  Good 
specimens  are  in  the  collection  of  the  Geological  Survey  of  the 
United  Kingdom,  Jermyn  Street.  See  also  the  ligures  given  in  the 
work,  cited. 

Among  the  species  figured  in  various  works,  the  following  are 
some  that  shew  these  apertures  very  distinctly  : — 


f 


Fig.  13.  Fig.  14.  Fig.  15. 

Figure' 13.     Dolatocrinus  lanus  (Lyon).     Side  view. 
''      M.     Diagram  of  one  of  the  rays. 
"      15.     View  of  the  ventral  surface. 

Dolatocriinix  lucus  occurs  abundantly  in  the  Devonian  formation 
of  Kentucky,  and  the  above  figures  are  taken  from  the  beautifully 
illustrated  Report  of  Mr.  Sidney  S.  Lyon,  of  the  Geological  Survey 
of  that  State,  published  in  1857.  (Plate  iv.  figs.  2,  2a,  2b.)  There 
are  ten  ambulacral  orifices,  and  the  mouth  is  central,  but  there  are 
no  grooves  from  it  to  the  arms.  The  generic  figure  given  by 
Mr.  Lyon— of  which  the  above  fig.  14  is  a  portion— shews  all  the 
apertures.  In  the  same  plate  there  are  several  figures  of  another 
species,  Vamcrinus  valcns  (Lyon),  with  five  orifices;  but  of  these 
only  the  grooves  on  the  inner  margins  of  the  primary  radials  are 
preserved.     All   the  ventral   plates   appear   to   be   absent,   and    it 


•  liulletin  Ceo.  Soc.  France,  2il  series,  1850,  vol.  vii.  page  184,  plate  iv.  fig.  11. 
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caiiiiof  thus  be  seen  wlicMicr  Mio  iiioiitli  was  (•ciifnil,  i)r(»1)()S('i(liforrii 
or  otlicrwist",  or  wlicllicr  lln'  gro(»vt'S  of  tlio  jiriiis  were  coiitiiuit'd 
aloiin'  the  siirliici'. 

Tlu^  lollowiii-j;  three  llginvs  an^  lakcii  I'ntiii  lh(i  lt('[)ort  of  tho 
rU'oIcH'ifal  Survey  of  Missouri,  vol.  i.  [larl.  ii.  pl.-iLe  A.  Dr.  Slniiimnl, 
the  raheoiil()h)gist  of  Missouri,  in  his  (h'scri|)tions  of  the  sjx'eics, 
expressly  recou,iii/.es  tiiese  iiperlures.  lie  s;iys  that  the  exiiiuple  of 
A.  nituiiiltis  floured  "  exhibits  t\veuly-ou(!  arm-opeiiiM^s."  ([>.  1!JI.) 
Of  vl.  Veniciiil'iiintis  he  sdites  "the  vault  consists  of  uuiucrous  small 
nieces,  united  so  jis  to  I'oriu  a  nearly  smooth  convex  surfiU"(\ 
Proboscis,  sub-central.  Anns,  unhiioini ;  the  number  of  arm-oi^'ninifs 
in  the  specinu'us  under  exinniniitiou  varies  from  fourteen  to  filleen." 
(p.  11)1.)  lu  the  same  plati'  there  ;ire  lii^ured  ./.  Chnshji  (Sliiimard), 
A.  Missiiiirh iisis  (Shumard),  A,  j'l/rifliniiis  (Shumard),  and  vl.  jxirnis 
(Sliumard),  each  of  which  exhibits  a  Ix'lt  of  ambulacral  apertures. 


Fi''.  10. 


Figure  lii. 

"      17. 
"       18. 


Fig.  13. 


Fi^;-.  17. 

.'Irtinorriiius  roltdidux  (VnndcU  iiiid  Slmiiifti-d). 
..liiiiiorriiuis  h'liniiirki  (Slmniiinl). 
.Irliiun-riiiuii  yiritctiiliaiiun  (Sliuiiianl). 
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The  above  figures  and  remarks,  if  not  suillcient  to  establish  tlu; 
existence  of  these  orifices,  may,  it  is  hoped,  at  all  events  indicate  tiiat 
the  subject  is  worthy  o(  invesliiration.  There  are  many  species  that 
represented  in  the  [mi)lications  of  diflerent  writers  which  shew  that 
there  are  some  very  interestim;  ipu'stioiis  relating  to  the  structure 
of  the  ambidacra  of  the  Crinoids  yet  to  be  worked  out,  an«l  that 
probably  principles  for  both  zo(dogical  and  geological  classificatiim 
may  be  drawn  from  this  source.  See  the  following,  in  Pictet's 
Tniltc  lie  ralwoiitolo^'ii;  Plate  XCTX.  :— Fig.  1.  Solnnocrimis  costntiis 
(Goldfuss).  Fig.  2.  *\  J,/;irr/7(()oldfuss).  Fig. 3.  Decamerus  mijsticm 
(Ilagenow).  Fig.  2o.  CuUiocnmis  costaliis  (Uisinger).  Plate  C. 
Fig.  2.  Iliploaiinix  mrsjiilifoniils  (R(enier).  Fig.  3.  Coccocrinus  rusaccus 
(Miiller) ;  and  Fig.  7.   GuMcrocoma  antiqua  (Goldfuss). 
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IV.    Thv.    Cjsfhirr,:. 

(JojKM^riiinuf  tlid  I'liiictions  of  (lit!  iijx'iiiin's  of  Jlui  (^ystidcii'  lIi(^ro 
liii.s  always  Immmi  imicli  tloiiht ;  luiil  in  f;u;t,  Jit,  llic  jtrcsciil,  iiioiiioiit, 
the*  only  [>oiiil,  tliiit;  ciiii  be;  n'<j;iinl<Ml  as  oHlahlislitMl  l)y  [Kisilivc 
cvidt'iKU!  is,  tlial.  i\w  ai>i('al  oponiiifj;  was  I  In;  |»iissajf(!  tliroii<f|i  vvliicli 
tlu!  V('ss»Os  of  tli(^  amhiilacra  issued  from  llio  visceral  cuvily.  All 
tli('  grooves  of  \\w  arms  or  |»iiimilii'  iakc  their  departure  from  \t; — 
(here  are  no  other  apertures  so  sitiiat(Ml  with  nispect,  (:o  tlii!  brachial 
furrows  that-  they  (;oidd  have  subserved  this  fiiiictic/n,  and  therelon; 
the  corudusion,  that  it  was  th<'  and)ulacral  orihce,  s(;enis  as  well 
l'ounile(l  as  eoidd  be  desired,  'I'here  is  not  tin;  least  [troof,  except 
the  remote!  analoiries  i'urnished  by  (he  StiU-lislies  and  recent  (.'riiioids, 
that  it  was  tlu;  nu)uth  ;  an<l  in  sehM'tiuu;  a  name,  therefore,  the  safest 
(•ourse  is  to  b(!  guided  by  some  known  (diaracter,  rather  than  resort 
to  the!  uidiuowii. 

The  large  ojteidng  in  thi'  side,  called  tlu!  motith  in  this  memoir, 
has  l)eeii  usually  described  as  a  genital  or  ovarian  aperture,  a  view 
lirst  entertained  by  llie  lat(!  i'.aron  Leopold  von  Huch,  and  accepted 
with  more  or  less  hesitation  by  most  authors  \\\)  (o  (he  jux'sent  time. 
The  idea origiiuited  altogether  in  (lu;  sup|)ositiou  that  tlu!  (Jystidefe 
were  arndess,  and  consiwpu'utly  that  (he  ovaries  coidd  not  have  been 
situated  outside  of  llie  body.  'I'he  following  is  von  Bu(di'8  descrip- 
tion of  the  ('ys(ideiL'  : — 

"Tlii^  Ci/slidrn-  were  iiiitniiil  liiidios  siipporltMl  on  ii  stem  or  jicdiclc,  which  was 
uUiiclicil  to  tlic  ground;  thi.'ir  siirfiicc,  more  or  Icsh  sphorioiil,  was  covortd  Ijv  a  great 
iimiitifr  of  polyliednil  pliiti's,  lU'ciiniicly  lillcd  to  one  aiiotlu'r,  iind  between  thi;.<e  plates 


were  certain  oponitig.s  necessary  for  tlie  performance  of  tli(i  an 
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mine  of  llime  did  iiniis  pruri'fd  rrscinhliiii;  Ihumi  of  llie.  Crinuidea.  The  uniinai  was 
co'iijilelely  willivut  (irms. 

"  With  regard  to  tlu;  openings  on  the  surface,  we  fnul  in  all  tlio  Oystidcie  : — \st.  Tiiat 
llie  nioutli  WHS  planted  in  the  central  part  of  the  iijiper  surface,  generally  in  a  movable 
jjroboscis  covered  with  minute  plates.  2iid.  That  besides  this  mouth,  and  close  to  it, 
there  is  generally,  if  not  always,  a  small  anal  orifice  penetrating  the  jilates,  but  not 
itself  surrounded  with  any  plates  peculiar  to  it.  3(/.  That  further  towards  the  niiildle, 
but  almost  invariably  on  the  uiiper  half  (.'f  the  body  on  which  the  mouth  is  placed, 
there  rises  a  round  or  oval  aperture,  not  connected  with  the  mouth,  and  often  covered 
by  a  live  or  si.\-sided  i>yraniid,  which  seems  to  be  composed  of  us  many  little  valves. 
This  [irobably  forma  the  ovarian  orifice  of  the  animal. 

•'  These  openings,  with  the  exception  of  the  mouth,  arc  nol  fuuiid  to  exist  iclieii  arms 
bci^in  to  be  developed  from  the  upper  surface  ;  and  we  may  easily  understand  this  when 
we  remember  that  in  the  latter  case  the  ovaries  are  carried  out  with  the  arms  beyond 
the  rim  of  the  cip-like  body,  so  that  a  separate  openini^for  them  would  be.  useless.  In 
all  Cystidca;  the  presence  of  these  ovnrinn  orifices  is  however  manifestly  essential." — 
Von  liuch  :  Uber  Cystideen,  Berlin,  1845.  Translated  in  the  Journal  of  the  Geological 
Society,  .May,  1845. 
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It  is  quite  clear  from  tlie  above  extracts  tliat  the  only  reason  upon 
which  von  Buch  founded  liis  opinion  was,  that  tlie  CystideiB  are 
witliout  anna.  From  the  expressions  in  italics,  there  can  he  little 
doubt  tliat  if  he  had  examined  specimens  with  arms  well  preserved, 
such  as  some  of  those  figured  in  this  decade,  the  idea  of  an  ovarian 
aperture  would  scarcely  have  occurred  to  him  ;  in  fact  it  would,  to 
use  his  own  words,  have  appeared  to  him  '  useless.'  kSince  therefore 
it  is  now  beyond  all  question  that  the  Cystide.'e  had  true  crinoidal 
arms,  the  only  reason  that  ever  suggested  to  any  one  the  necessity 
of  a  genital  aperture  has  no  longer  an  existence,  and  the  question 
remains  exactly  as  it  was  before  the  publication  of  his  memoir  on 
the  Cystidea). 

If  then  we  should  no  longer  regard  it  in  the  light  of  a  genital 
opening,  the  next  question  to  be  decided  is,  Wiiat  was  its  function? 
I  believe  that  in  those  species  which  were  provided  with  an  anus, 
it  was  the  mouth,  and  in  the  others  both  mouth  and  anus.  The 
following  are  my  reasons : — 

1.  In  Echhiosi)h(crttcs  aurdntinm,  Cari/ncystitcx  sp-anntum,  and  many 
others,  there  is  a  well-defined  anal  aperture;;  and  if  the  ambulacral 
orifice  were  also  the  mouth,  then  it  would  follow  that  the  lateral 
opening  had  no  function.  The  same  would  be  true  of  the  genera 
Echino-cncri/ufcs,  Ainaajst'itcn  and  Callocystitis,  all  of  which  are  said 
to  exhibit  anal  pores  ncNir  the  summit.  But  if  the  apical  opening 
be  an  ambulacral  orifice  only,  then  there  is  no  place  for  the  mouth 
but  in  the  lateral  aperture. 

2.  The  position  of  the  organ  in  question  is  not  inconsistent  with 
the  idea  of  its  being  an  oral  aperture,  because  in  many  of  the 
Echinodermata  we  find  it  not  only  in  the  side  but  even  on  the  under 
surface  of  the  body.  Thus  in  the  Echinida;  the  mouth  is  in  the  under 
side,  and  the  anus  either  in  the  very  highest  part  of  the  body  or  in 
the  side.  The  Star-fish  always  crawls  with  his  mouth  under,  and  so 
do  the  Ophiura,  Euryalc  and  Coinatula.  The  fnct  therefore  that  the 
lateral  aperture  of  the  Cystidea;  is  lower  down  than  the  anus  is  no 
proof  that  it  is  not  the  mouth,  but  directly  the  reverse,  since  it  is 
the  natural  position  for  the  organ  in  the  class. 

Even  among  the  true  Crinoids,  we  have  at  least  one  species  with 
the  mouth  in  the  side,  as  represented  by  the  following  wood-cut, 
taken  from  the  figure  in  plate  C.  of  Pictet's  Atlas.  The  genus  has 
five  basal  plates  and  five  radials;  the  mouth  penetrates  the  large 
inter-radial,  and  there  appears  to  be  five  ambulacral  orifices.  There 
can  be  no  doubt  but  that  this  species  is  a  true  Crinoid,  as  the  rays 
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originat;o  in  tho  sides  and  not  in  the  centre  of  the  ventral  suifjice, 
as  in  the  Cystidcte. 


Fig.  19.     Epactocrinus  irregularis  (Wirtgen  and  Zeiler). 

3.  In  Pentncrinus  cajmt- Medusa:.,  the  month,  although  (combined 
with  the  ambulncral  orifice,  has  a  structure  similar  to  thatofthv 
Cystidea*.  This  fact  is  pointed  out  by  MM.  Koninck  and  Le  lion  in 
their  magnificent  work  upon  the  Crinoids  of  the  Carboniferous  rocks 
of  Belgium.*  The  observations  were  made  upon  a  fine  specimen 
captured  by  a  fisherman  in  the  harbor  of  Moule,  Island  of  Guada- 
loupe,  and  sent  by  Dr.  Duchassaing  to  M.  Michelin.  The  following 
is  Dtichassaing's  description  of  the  mouth: — 

"The  mouth  of  tlio  Encrinite  is  surrounded  by  five  lijis,  nnd  can  be  seen  only  wlmn 
these  five  lips  arc  opened.  It  then  ai)pears  a.s  a  small  round  aperture  about  two  lines 
in  diameter.  The  lips  are  not  free,  and  can  be  opened  to  the  extent  of  about  three 
lines.  They  are  adherent  to  tlie  five  furrows  which  departing  from  the  commissures 
are  prolonged  to  the  circumference  of  the  disc.  Mastication  is  effected,  not  by  the 
mouth,  but  by  the  lips,  which  are  armed  to  that  effect  with  small  stiff  spines.  As  ti! 
nourishment,  I  found  the  debris  of  small  crustaceans.' 

Upon  the  above  extract,  MM.  Koninck  and  Le  Hon  make  the 
following  remarks  :  — 

"It  is  perhaps  well  to  observe  here,  that  it  results  from  the  remarks  of  M.  Duchas- 
saing that  what  he  '^alls  lijis  are  veritable  triangular  valves,  l.ard,  and  armed  at 
their  points  and  internal  surfaces,  and  designed  to  hold  and  crush  Crustaceans  nnti 
other  animals  upon  which  the  Pentucrinus  appears  to  feed. 

"  They  have  exactly  the  same  form  as  the  ossicles  which  in  the  Cystidea;  cover  the 
aperture  which  L.  von  Bucli  has  considered  as  an  ovarian  orifice. 

"  We  have  no  doubt  that  the  illustrious  paloDontologist  whose  recent  death  science 
deplores,  did  not  recognize  the  true  function  of  that  opening.  We  are  persuaded  that 
it  served  the  same  ])urposes  as  those  which  have  been  observed  iu  Pentucrinus.  Our 
conviction  is  so  much  the  more  profound  that  we  have  never  been  able  to  discover  upon 
the  triangular  valves  of  the  Cystidea;  the  least  trace  of  a  perforation,  and  that  those 
which  cover  the  mouth  of  Pentacrinus  offer  nothing  more. 

"  It  would  be  besides  very  extraordinary  that  these  calcareous  plates  whose  position 
and  form  are  perfectly  identical  in  these  animals,  belonging  to  the  same  clas.i,  should 
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*  Rcchcrches  s\ir  les  Crinoids  du  Terrain  Carbonifere  de  la  Belgique. 
Koninck  et  II.  Le  Hon,  1844  ;  page  33  ct  seq. 
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ho  ilcHignod  for  such  very  dineronl  purposos  iis  woulj  result  from  tlic  luloptioii  of  tlic 
opinion  of  L.  voii  ISiieii,  on  the  one  liiiiul,  relative  to  the  use  of  the  triutij:;iilar  pliitc.s 
of  the  ('ysliilcii',  iiiul,  on  the  other,  from  the  iliroet  observiuiona  made  liy  Dr.  Duclm.s- 
s.iing." 

From  tlio  abovr  rcMiinrks,  it  is  (>viil(Mit  tlnit  ^I^f.  Koninck  iiiid  L*' 
Hon,  who  linvi!  protomidly  studied  the  Criiioidca',  urc  (»t"o[>iiiioii  that 
t,h(!  ov;iriiui  pynimid  of  the  Cyf*tidoa'  is  tlu;  cxiict  hoiiioh)mi('  of  the 
buccal  iip[t,iiatii^  of  I*i iif(ini»i/s,  a  view  in  tiic  corfcctucss  of  wliich  I 
entirely  coiiciir.  The  only  diffeiviK!!!  is  that  in  Pnitdciinus  ine  tiinbii- 
lacral  orilico  with  its  grooves  is  combined  wilh  the  ni(Mith  and  its 
pyramid  of  valves,  while  in  the  Cystidem  tliey  are  separate.  \'om 
Buch  was  of  the  opinion  that  the  five  valves  of  tlio  Cystidea*  were 
perforated  by  liv(>  minute  pores  which  were  the  ovarian  pores.  The 
organ  would  then  present  a  greater  resemblaiKU!  to  the  ordinary 
arrang(mjent  of  the  reprocUictivo  system  in  the  Kcliinodermata.  In 
most  of  the  families  of  this  class  when  the  ovaries  are  contained  in  the 
visceral  cavity,  there  are  many  of  them,  and  they  iiave  their  orifices 
disposed  according  to  the  radiated  division  of  the  body.  Thus  in  the 
Kchinida;  there  are  (iv(!  ovarian  pores,  sometimes  it  is  true,  reduced 
to  four  in  the  abnormal  forms;  in  tlie  ]51astoidea  there  are  five,  in 
the  Ophiurida^  ten,  ami  in  uuuiy  of  the  Star-fishes  five;  or  ten.* 
It  is  thus  contrary  to  analogy  that  when  an  Kchinoderm  has  the 
n-productive  system  included  in  the  cavity  of  the  body,  there  should 
be  but  one  genital  opening. 

4.  If  we  consider  the  relative  dimensions  of  the  several  apertures, 
wo  find  that  in  geni'ial  the  mouth  is  larger  than  the  anus. 
Although  in  the  fossil  Echinidii)  the  anal  aperture  often  appears 
to  bo  as  large  as  the  oral,  yet  this  is  owing  to  the  destruction  of  a 
[)ortion  of  it.  In  thc!  living  specimens  the  opening  is  covered  over 
with  the  exception  of  a  mere  pore,  while  the  mouth  is  of  a  large 
size.  In  the  Star-fishes,  wherever  an  anus  exists  it  is  always  many 
times  smaller  than  the  mouth.  In  (ihjptocijslUrs  tii/t/fqtonts  the  apical 
aperture  is  only  one-tenth  the  si/e  of  the  lateral  opening;  in 
Mdlocijstitcs  Muirhisoiii.  one-ninth  ;  in  Ech'ino-encrinitcs  angulosus  one- 
ninth  ;  in  IlcmicnsmUcs  fiiiriformis  it  consists  of  a  minut(^  three-rayed 
fissure  (see  the  beautiful  figure  in  ])late  iv.  lig.  -5,  Mi/f/rr,  Uhcr  ihn 
Bati  (h  r  Echiwidiriiiin)  ;  in  all  the  species  oi'  Flrttroci/.stifes,  although 
it  has  not  been  observed,  yet  the  structure  of  the  parts  proves  that 

•  See  the  figures  of  the  genital  pores  of  jltterucanthion  rubcns  and  Holaster  papposut, 
Plate  xii.  System  tier  Jstcri'tr-.  von  Miiller  und  Trosohtl. 
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it  must  he  exceedingly  small.  The  same  may  he  said  of  almost 
every  Cystidean  that  lias  heeii  deserihed  and  figured  ;  tii(!  hiteral 
aperture  is  ever  the  largest,  and  wiien  it  is  considered  tiiat:  the  one 
in  the  apex,  whether  it  be  the  mouth  or  not,  always  receives  the 
anibuhicral  vessels  by  which  its  capacity  is  further  diminished,  the 
argiunent  has  still  greater  force. 

5.  The  objection  that  it  is  contrary  to  analogy  tliat  the  moutli 
of  an  Echinoderm  should  be  situated  any  where  else*  than  in  the 
central  point  where  the  grooves  meet,  is  not  borne  out  by  the  facts, 
because  in  a  vast  number  of  species  of  Crinoidea,  the  group  most 
nearly  related  to  Cystidea,  it  is  not  so  placed.  The  grooves  do  not 
come  near  the  mouth  in  the  palivozoic  Crinoids,  and  therefore  the 
analogy  wholly  fails. 

6.  With  respect  to  the  bearing  of  the  arrangement  of  the 
a[>ertiire8  of  the  recent  Crinoids  upon  this  question,  there  appears 
at  Ih-st  sight  to  be  some  difficulty,  as  in  these  there  are  two 
orifices,  one  of  which  not  only  receives  the  ambulacra,  but  is  also 
the  mouth,  while  the  other  is  said  to  be  the  anus.  If  we  were 
to  be  guidi'd  altogether  by  this  analogy,  the  lateral  opening  of  the 
Cystidea'  would  be,  at  least  in  some  species,  the  anal  aperture. 
There  is  however  a  great  difllerence  in  the  structure  of  the  two 
groups.  Any  one  who  will  take  the  trouble  to  examine,  the  figures 
of  the  species  given  in  most  elemeutary  works,  will  see  that  the 
rays  of  PcnUtcnnus  rujnit-Mcdusce  spring  from  the  very  base  of  the 
body.  Tiie  first  radial  plates  of  all  the  rays  rest  upon  the  upper 
joint  of  the  column,  and  the  others  follow  in  succession  up  the 
sides.  If  the  point  of  the  attachment  of  the  column  be  the  dorsal 
side,  then  the  rays  are  developed  from  the  centre  of  the  back. 
Thy  same  structure  occurs  in  Comatula.  But  in  the  Cystide.o  it  is 
the  very  reverse :  the  rays  spring  from  the  centre  of  the  ventral 
side.  The  wliole  of  the  cup  of  the  Crinoid  is  radiated,  but  in  the 
Cystidean  it  presents  no  trace  of  a  radial  arrangement :  all  below 
the  afiex  is  unradiated ;  the  bases  of  the  arms  are  crowded  together, 
so  that  they  all  originate  in  a  narrow  space  upon  the  upper  side 
of  the  body,  where  they  surround  the  ambulacral  orifice.  The 
first  primary  radial  plates,  which  in  Pentacrbius  rest  upon  the 
column,  are  in  the  Cystidefe  transferred  to  the  oppositt;  pole  of 
the  body,  and  are  there  represented  by  the  circle  of  plates  which 
surround  the  ambulacral  orifice.  This  view  of  the  structure  of  the 
Cystidetu  was  first  put  forth  by  Volborth,  and  afterwards  adopted 
by  Professor  J.  Miiller  of  Berlin.    Neither  of  those  authors  however 
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iip{H>;ir  to  liiivo  b(;cn  aware  of  thn  oxisfi-ncc  of  spccini  orifices  in 
tho  Criiioids  for  tlio  piissiifjfo  of  tlii^  iimhuliicrul  vessel..,  .tmi  hence 
they  still  rei^iinh'd  the  upieul  aperture  jis  (he  niontli.    Volhorth  siiys: 

"All  tho  Cyatidere  were,  like  Orinoids,  provided  witli  urticiilatcd  arms;  nnd  this 
Htatcincnt  is  not  more  hypothesis,  hiif  Is  tliu  result  of  pliilosopliical  iiidiiction  from 
distinct  wi'll-i^roiiiiili;d  ficts,  di'tcrniiiiod  liy  obscrviition — liy  tlic  iictiiul  iiri'scnco  of  ariiifi 
in  some  sin'i'ies,  and  tho  prnseiico  of  tcntacli'  furrows  In  others.  The  (?ystidi'iu  wore 
also  true  Criiioih.  Kithor  In  the  ynunjj;  sliitc  or  throiiKliout  life  they  were  attached 
by  an  articulated  stalk,  or  hy  a  pedicle,  either  to  the  bottom  of  tlio  sea  or  to  foreign 
hodioH.  Tliey  tmd  nrticulated  anus  wliicli,  as  in  (/'rinoideic,  proceeded  from  the  ilorsal 
pole  of  the  cuticular  skeleton.  Diametrically  opposite  to  the  orifice  of  the  j)edicle  is 
placed  the  buccal  oriflce,  and  generally  close  to  it  \»  the  sub-central  anal  orilice. 
The  cup  ditVers  however  from  that  of  llie  ('rinoids,  by  such  a  predominance  of  tho 
dor.sal  side  over  the  ventral,  that  the  latter  is  often  reduced  to  a  mitiiinum,  consisting 
only  (if  the  orifico  of  tho  mouth,  go  that  the  arms  appeor  to  be  much  nearer  the  mouth 
than  is  the  ca.^o  with  ("rinoids." — Volborth  on  Ihe  Jlrms  of  Cysliilett.  Trans.  Min.  Soc. 
of  St.  I'ctcrsburgh,  184.'>— (>. 

Professor  Mtilh'r,  wliose  extraordiniiry  researehea  in  the  depart- 
uw.ut  of  th»!  devtdopnient  of  the  recent  Keliinodermuta  have  never 
been  excelled,  says  : — 

"The  develo[)mcnt  of  the  antanibulacral  side  of  the  radii  In  Orinoids  takes  place 
either  fr<jm  the  very  base  of  the  calyx,  or  from  its  circumference,  or  in  the  ncighborht>od 
of  the  mouth,  as  in  most  Cijstidrrr.  In  the  latter  case  tlie  calyx  presents  no  radial 
arrangement  of  plates  from  the  base  to  the  immediate  neighborhood  of  the  mouth  ;  it 
begins  only  at  the  mouth  in  the  oral  arms,  whose  ambulacral  grooves  however  lead  to 
the  mouth,  and,  like  tho  articulated  antambulacrnl  surface  of  the  arms,  present  no 
traces  of  the  general  plan  of  the  Echinoderms.  Hence  it  is  intelligible  why,  so  long  as 
the  Cystidcii!  were  held  to  be  armless,  the  radial  arrangement  of  the  Echinoderm  was 
unrecognized." — Uhrr  den  Bail  dcr  Krhinodermen,  p.  55.  Translated  by  Mr.  Huxley  in 
till!  Anmils  of  Natural  History,  2d  scrie?,  vol.  xiii.  p.  242.     April,  1854. 

I'tofessDr  Miiller  terms  the  dorsal  side  of  the  arm  of  a  Criuoid 
antaiubiilacral,  thereby  distingnishing  it  from  the  ventral  side, 
wlu'h  is  grooved  and  holds  the  ambulacra.  The  genital  and  ocular 
plat(!s  of  the  sea-urchins  are  also  antambulacral,  but  tln^y  are  few 
in  number,  and  usually  confined  to  one  spot  in  the  centre  of  the 
back;  and  therefore  the  principles  contained  in  the  above  extract 
may  be  applied  to  shew  that  the  Cystidew  are  not  so  nearly  related 
to  the  recent  Crinoids  as  they  are  to  the  palaeozoic  species. 

a.  If  we  take  a  sea-uichin  and  pla(;ing  it  with  the  mouth  upwards, 
wliich  is  the  usual  position  of  that  organ  in  the  Crinoids,  then 
imagine  a  plane  to  be  projected  horizontally  through  the  circular 
area  occupied  by  the  antambulacral  plates,  the  whole  of  the  body 
of  the  animal  will  lie  above  the  plane.    Its  skeleton  is  composed 
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iiltogethor  of   ambiiliioriil    urid   intoriiuibuluciiil    filiitcs,   with   tho 
(>X('t>|)ti()ti  of  tlio  Hinall  h[iucc  in  tin;  buck,  coiuisting  of  tho  uciihir 

iiiul  gCllitill  pliltCH. 

fi.  If  u  similar  piano  be  «'xtemh'(l  through  tho  lower  cdgos  of  tho 
first  primary  rjidials  of  PniKtcrhius  cuput-MeiJusn-f  tho  body,  us  in  tho 
Hoa-urchin,  will  lio  above  it ;  but  then  il  is  coverod  at  tin;  8i(h!s  by 
tho  plates  of  tho  rays,  and  on  its  up[tor  siirfaco  by  the  v»'iitrul  jilatos, 
all  of  uhit'h  aw.  aiitainhiilaoral. 

c.  In  such  Criiioids  as  tlit;  spooios  of  Po/criocrinus  and  Ciiathoni/iits, 
which  hav»!  two  rows  of  [ilutos  bolow  tin;  radii,  a  plaiu;  throuu,h 
th<;  lower  points  of  tlu;  primary  radiais  would  have  about  ouo-liaH' 
of  the  b(»i|y  bolow  it,  and  the  other  half  above.  II(>ro  wo  hvv.  a 
tendency  in  tin;  radiated  skeleton  to  transfer  its  base  from  the  dorsal 
to  the  ventral  side;  and  it  is  interesting  to  porcoivi;  that  in  Crinoids 
of  this  structure  wc  first  find  si»ocios  which  indicate  their  approach 
to  tho  Cystidoio  by  tho  exhibition  of  porifcu'ous  areas,  which  are  at 
least  aiialagous  to  tho  poctiiuitod  rhombs  of  that  group.  These 
exist  in  VortK-nun.t  roiiiriis  (]?illings)  of  tho  Trenton  limestone,  and 
Curijorrl/iu.s  Dnuitiix  (Say)  of  the  Niagara  group. 

d.  Tho  Cystidoaus  with  a  definite  number  of  plates,  such  as  the 
genera  Erhhio-cncrinitcs,  (i/ijptoci/s/ifcs,  Apiocijslifes  and  Pninocijutitcs, 
are  cortaiidy  more  nearly  related  to  tho  Crinoids  than  those  with 
tho  body  covered  by  a  largo  and  indefinite  lunnber,  as,  for  instance, 
Erli'iwi-sphaTUin  (iiin/tiliinn.  The  number  live,  so  dominant  in  the 
arrangemout  of  the;  jjarts  of  the  body  in  tho  (Jriiioids,  is  ajiparont  in 
these  genera,  although  no  trace  of  it  can  be  seen  in  the  sphii  lonites. 
Thus  in  E.  (itigulosHi  (see  plate  iii.  lig.  l/>)  there  are  four  basal  [dates, 
but  one  of  these  is  hexagonal,  and  can  bi;  dividt'd  so  as  to  make  two, 
which  won  Id  bo  pentagonal  like;  the  other  three.  Above  tht'  basal 
plates  are  three  other  series  of  five  each.  It  may  be  granted  that 
tht!  [)latos  of  the  fotu'th  series  are  the  homologues  of  tho  five  first 
primary  radiais  of  Ci/afhocrhins  p/tnvis  {"SUWer),  which  form  a  circle 
round  the  nuirgin  of  the  cup.  When  (dostdy  examined  it  will  bo 
seen  that  in  both  the  Crinoid  and  the  Cystidean  thes(>  plates  are 
noti'hed  in  their  upper  margins  by  the  ambulacral  grooves;  and  it 
is  therefore  probable  that  they  are  strictly  the  homologues  of  eacli 
other. 

If  now  m  those  two  species  we  draw  the  plane  as  before,  about 
one-half  the  body  of  the  Crinoid  and  nearly  the  whole  of  the  Cysti- 
dean will  lio  below  it.  The  radiated  skeleton  in  E.  angiil(Mix  has 
ascended  from  the   base  to  the  apex  of  the  body,   and  it  is  there 
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compressed  into  so  sniall  a  space  that  there  is  no  longer  any  room . 
lor  the  mouth  in  its  centre.  The  organ  is  crowded  outside  of  tlie 
circle  of  radial  plates,  and  lies  lower  down  in  the  body.  If  the 
iirm-beariug  pUites  of  Curijocnnas  ornatus — a  species  admitted  to  be 
almost  a  Cystidean — were  thus  drawn  together  into  the  centre  of 
the  ventral  surface,  the  mouth  would  certainly  be  left  outside, 
because  it  is  situated  in  the  margin,  between  two  of  the  arms, 
[t  would  not  however  on  that  account  change  its  nature  and 
become  a  genital  aperture. 

c.  \\\  all  the  species  with  an  indefinite  number  of  plates  the 
(iillerence  is  still  greater.  If  we  extend  the  plane  through  the 
liiise  of  the  arms  in  E.  aurantlum,  we  would  have  the  very  opposite 
of  what  occurs  in  the  instance  of  the  sea-urchin.  The  body  would 
form  a  large  globe-like  expansion  below  the  plane,  while  in  the 
sea-urchin  it  lies  altogether  above.  The  Cystideans  ot  this  type 
must  be  regai'dcd  as  the  extreme  in  one  direction,  and  the  Echiiiid;e 
the  rxtreuie  in  another.  Prof.  ]\Iiiller  says: — "In  an  Echinoderm 
wliich  remains  antambulacral  quite  up  to  the  mouth,  and  develops 
arms  only  from  the  oral  part  of  the  calyx,  we  have  at  its  maximum 
that  condition  whicli  in  the  Eckuiuhc  is  at  its  minimum.  To  borrow 
tile  pliiascology  of  the  '  Natur-philosophie,"  we  may  say  that  the 
calyx  of  a  Pscudocrinitcs^  Agelocrinitcs^  Echmospliairila^  Ec.hino- 
r//rri//iU:s,  is  the  apex  of  an  Echinus;  it  is  however  an  expansion 
of  the  apex  lai^e  enough  to  enclose  llic  wlioh;  of  the  intestines 
of  the  animal,  while  in  the  Echinns  these  are  invested  I'or  the  most 
part  by  the  anibulacral  zone  of  the  perisorna." — Ul>er  den  Bait  dcr 
Ec/i/iwdcrmcn,  p.  16 ;  Annals  of  Natural  Ilislory,  2  ser.  vol.  xiii.  p.  9. 

If  now  we  place  the  above  forms  in  s(Mies  arranged  according  to 
the  srreater  or  less  concentration  of  tin;  antambulacral  side  of  the 
rays  towards  the  c(Mitre  of  the  liack,  all  the  ("rinoids  would  lie 
I)etween  tlie  Kehinid.e  and  the  Cystideie.     Thus; 

in  ih  •  i']('liinid<e  the  antambulaci-al  radiated  skeleton  is  absorbed 
into  the  middle  of  the  back. 

Ill  Peniacriniis  and  Conmlula  it  is  also  strongly  (■onceiitrated,  but 
I'overs  the  whole  of  the  back  and  sides. 

In  Tlii)sanociiii//s  (Hall),  a  genus  which  appears  in  the  Trenton 
limestone,  the  unradiated  s[)i.oo  at  the  base  of  the  cup  is  larger 
iliaii  it  is  ill  r<iilacrlnm.  There  are  t'—^  series  of  i»lates  below  the 
I'irst  primary  railials.  Tiiere  is  then  ii.  .lis  giMius  a  tendency  in  the 
radiate(l  portion  of  the  skeh^ton  to  dejiart  from  tin?  centre  of  the 
Itnck  and  take  its  origin  from  Ihe  upper  part  of  tlu;  body. 
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Whon  \vc  exiiniine  a  spocimeii  of  any  species  of  Cyatliocriuvn, 
we  [»en'cive  anotlKU'  step  in  the  same  direction.  There  are,  as  in 
the  htst  genus,  two  rows  of  plates  below  the  radii ;  but,  in  addition 
to  this  churact(!r,  the  ventral  side  of  the  animal  does  not  rise  above 
the  ujjper  margins  of  the  first  primary  radials.  The  radiated 
skeleton  forms  a  belt  round  the  upper  part  of  the  body,  and 
Cijalhocrinus  is  therefore  nearer  to  Echino-ancrinites  than  is  Penla- 
crinu.s,  because  the  bases  of  the  rays  are  nearer  the  ventral  side. 

Many  other  examples  might  be  given  in  illustration  of  this  point, 
were  it  necessary.  Tiie  general  conclusions  I  draw  from  the  whole 
of  the  above  are,  tliat  wlien  we  compare  the  recent  and  ancient 
Crinoids  with  the  Cystideje,  the  latter  two  are  seen  to  be  the  most 
nearly  related  upon  the  whole — that  those  genera  with  two  series 
plates  below  the  radii  are  the  nearest  to  the  Cystideie,  aid  that  the 
genera  with  the  rays  developed  from  the  base  are  the  most  distant 
of  the  Crinoi<ls,  tlie  Echinid.u  being  still  further  away. 

If  these  conclusions  be  correct,  then  the  apertures  of  the  CystidefP 
should  be  more  properly  compared  with  those  of  the  pala30Zoic 
than  with  those  of  the  recent  Crinoideie.  These  latter  have  no 
special  ambulacral  orifice,  the  function  being  exercised  through  the 
mouth.  IJut  the  paheozoic  Crinoids  have  the  ambulacral  orifices 
separate  from  the  mouth,  and  so  it  would  most  probably  be  in  the 
Cystideae. 


i 


I  i . 


Cliissijicafion  of  the  CyslidecB. 

The  following  passage,  extracted  from  tli(!  memoir  of  Profissor 
Miiller  on  the  Structure  of  the  Echinoderms,  contains  the  outlines 
of  a  system  of  chissilication  which  will  most  probably  be  generally 
adopted.  It  should  be  borne  in  mind  that  he  was  not  aware  of  the 
existence  of  the  ambulacral  orifices  in  the  Crinoids,  otherwise  no 
doubt  some  [)ortion  of  his  pajier  wouUl  liave  been  directed  to  their 
examination  : — 


"  Ci/sfltira: — Among  the  Crinoids  the  CjisfidctE  of  L.  von  I>uch  form 
a  group  which  is  distinguished  l)y  the  inchision  of  the  genital  organs, 
toijetlier  vvitti  the  otlier  ornans,  in  the  calvx.  In  tlu'  l*iiit(irriniltti 
and  Cimutiiild'  on  the  other  hand,  the  sexual  organs  are  attached  to  tlie 
pinnuhe  of  the  arms;  in  thosi;  Crinoids  which  have  only  one  calycine 
opening  (mouth),  as  AcfiiKirrhiii.s,  Vlatijcrhius,  &c.,  the  exclusion  of 
the  sexual  organs  from  the  calyx  is  at  once  rendered  probable  by  the 
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absence  of  any  aperture  corresponding  with  tlioni.     Tiie  Ci/stldcm,  on 
the  other  hand,  have  at  least  two  and  sonietiiues  three  apertures  to 
their  calyx,  one  of  which,  distinguished  by  its  valvular  closure,  is  found 
in  no  other  Crinoids  than  the  Ci/stidcas.     L.  von  Buch  has  (l(!t«Miniiied 
that  this  valvular  pyramid  is  the  genital  aperture.*     We  owe  to  him 
the  recognition  of  the  close  alliance  of  these  forms  with  the  Crinoids, 
And  at  the  same  time  of  their  peculiarities,  thn  exact  analysis  of  their 
calyces,  and  the  exposition  of  their  genera.    That  they  are  not  arndess, 
as  had  hitherto  been  generally  supposed,  was  first  observed  by  A. 
von  Volborth,  who  discovered  the  arms  in  KchJiin-cncrinvs  avgulusus 
and  sfrinfi/s,  subsequently  in  Echinosphccrllcs  aaruntiuin,  where  they 
proceed  from  the  mouth.     The  tlgures  of  the  Duke  of  Leuchtenberg, 
and  those  of  Volborth  of  S()haiio/iltcs  Lcuch/ciihcrgu  and  Frotocrinkcs 
ovi/ormis  would  indicate  the  presifuce  of  arms  in  these  also,  although 
they  have  not  been  actually  obtained.     In  fact,  branched  grooves 
run  from  the  mouth  over  a  great  part  of  the  calyx  ;  the  branches  of 
the  grooves  however  end  in  ))apilla3  of  the  calyx,  which  must  be 
regarded  as  points  of  origin  of  arms — a  circumstance  so  much  the 
more  remarkable,  as  it  would  follow  that  the  arms  of  these   Cijsfidca; 
must  have  had  a  position  far  removed  from  the  mouth  (Verhandl.  d. 
Konigl.Mineralog.  Ces{>llschaft  zu  Petersburg,  1S45-G,  Petersb.  1849). 
A  spooimen  of  Sp/inrouilrs  Lr.udilcnbcrgu   in  von  liuch's  collection 
agrees  exactly  with  these  figures.    When,  in  his  second  essay,  L.  von 
IJuch   founded  the  order  Cijxtiil<M  (lb44),  the  oral  anus  of  Echlno- 
tmcrvms  were  already  known,     lie  did  not  regard  them  as  Crinoid 
arms,  but  called  them  feelers.    With  a  correct  foresight  he  even  then 
arra.nged  the  Psn/docriuitci  and  Agclornims,  with  long  arms  passing 
from  the  oral  part   of  the  calyx,  among  tin;   Ci/sfldid ,  but  was  not 
inclined  to  consider  these  processes  as  true  arms.     lie.  had  even  in 
1 840  ttn'med  the  rcninins  of  the  three  arm-like  processes  in  Hciimcosmilrs 
arms  or  proboscides,  but  was  led  away  from  a  just  compnjhension  of 
their  nature  by  compiiriiig  them  with  oral  tubes. 

"In  his  beautil'iil  monograph  on  the  liritish  Cystideans  (Mem. 
<j|eol.  Survey,  t.  ii.  Loud.  184S)  I'orbes  has  increased  the  number 
of  forms  with  oral  arms.  He  divides  the  Ciis/idfce  into, — l.st,  those 
with  arms:  I'sciuluciinitcs,  Aiiiocijstilta,  Agclociinitis — 2iid,  those  with 


.    ';(!■ 


*  In  niy  coi)y  oT  Miill'^r,  "Ulicr  deii  liau  iler  Kcliinodcrmen,"  tlie  (ollowiiig  sentence 
follows  liere  : — "  Eiai:  I'lriniitkun^^,  dk  frciUvh  nicht  airlicr  hcwiiscn  wcideii  konnlc,'' 
which  may  be  llnis  rendired  :  "  ./i  upiiiion  w'lich  surely  rannot  he  iioxilivthj  proveit." 
MiiUor  unpears  ihei'd'orR  to  Imvo  Ijtdiovcd  tliai  Von  Muoira  domoiisinition  was  not 
complete. 
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oral  pinnula):  Prujioajstifcs — and  8rd,  armless  forms:  Caryocystites 
and  SphtBronUcs ;  to  which  latter  the  British  form  Echino-encrinus 
is  added.  Forbes  considers  that  the  arms  observed  by  Volborth 
in  the  Russian  species  of  Echino-cncrmus  are  oral  pinnulae.  The 
oral  arms  of  Echino-cncrhms  and  FrunocijHtitlai  are  articulated  in  two 
series.  Volborth  observed  that  in  the  former  they  are  beset  with 
small  plates  upon  their  ambulacral  surfaces,  which  he  calls 
tentacles,  remarking  that  pinnulae  are  absent.  These  plates  have 
the  characters  of  marginal  plates,  which  in  the  Crinoids  (Paitacnnus) 
occur  on  the  arms  as  well  as  on  the  pinnulae.  In  Echino-cnainvs 
arigulosus  the  remains  of  six  arms  were  present.  That  this  number 
does  not  agree  with  the  five  depressions  which  usually  surround 
the  mouth  is  explained  by  the  fact,  that  the  number  of  tlese 
facets  varies ;  Von  Buch  states  that  there  are  five  or  six ;  and  I 
possess  a  specimen  with  eight  round  depressions  about  the  mouth, 
which  are  united  with  the  mouth  by  grooves.  Echino-cncrimts 
strititus  possesses,  according  to  Volborth,  together  with  a  very 
much  narrower  pointed  oral  extremity  of  the  calyx,  only  two 
much  larger  opposed  oral  arms,  which  have  the  same  structure 
as  in  Echino-encrinus  angulosus.  From  their  relations,  however, 
it  is  probable  that  these  are  not  pinnuloe,  but  arms  ;  for  it  is  not 
usual  for  pinii'iho  to  be  isolated.  If  they  both  belong  to  a  single 
ambulacrum  how  are  we  to  imagine  a  single  ambulacrum  in  this 
locality  in  the  immediate  neighbourhood  of  the  mouth  ?  If, 
however,  they  belong  to  two  different  ambulacra,  they  can,  as 
solitary  structures,  be  only  arms. 

"The  arms  of  Echinosjihceritcs  aurautium,  Wahlenb.  {SphoBronilcs 
aurantium,  Ilis.)  have  essentially  exactly  the  same  relations  as 
Volborth  has  described  and  figured.  In  such  well-preserved 
specimens  as  now  lie  before  me,  the  origins  of  three  articulated 
arms  at  the  oral  region  of  the  calyx  are  recognizable.  The  five 
uppermost  calycine  plates  are  raised  into  a  three-sided  pyramid 
transversely  truncated  above,  whose  obtuse  edges  are  prolonged 
into  the  arms.  Two  sides  of  the  pyramid  are  broader  than  the 
third.  The  sutures  between  the  five  pieces  are  so  disposed  that 
two  of  them  are  situated  upon  the  broader  side  of  the  pyramid, 
the  three  others  in  the  obtuse  edges.  Two  supplementary  pieces, 
however,  are  added  to  the  [\vc  principal  portions  of  the  pyramid, 
and  exteiul  from  the  calyx  into  two  of  the  angular  sutures.  The 
pore-grooves  of  the  plates  of  the  calyx  extend  only  on  to  the 
lower  portion  of  the  circumference  of  all  the  seven   pieces.    The 
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arms  immediately  subdivide  again.  From  the  oral  aperture 
grooves  bestit  with  marginal  plates,  pass  on  to  the  arms.  For 
the  rest,  the  division  of  the  arms  shows  that  they  are  arms,  and 
not  pinimla.'.  Whether  these  arms,  like  those  of  a  few  other 
Cystideans,  as  Pseudocrinites,  were  provided  with  articulated  pinnuhe, 
cannot  be  decided,  since  they  are  broken  short  off.  Whether  the 
CaryocisMcs  possessed  aims  is  not  as  yet  known,  but  it  can  hardly 
be  doubted,  since  they  are  not  certainly  distinguishable  from 
Echinospfi(Britcs. 

"In  Hcmicosmitcs  three  of  the  six  uppermost  plates  of  the  calyx 
are  provided  with  an  insection,  which  arises  from  the  tri-radiate 
median  calycine  opening.  Each  of  the  insections  is  continued 
into  a  groove  ;  the  groove  ter)ninates  after  a  slight  expansion  in 
an  elevation  of  the  calyx  which  served  for  the  attachment  of  an 
arm.  The  elevation  no  longer  li(;s  on  tlie  plates  of  the  uppermost, 
but  upon  three  of  the  plates  of  the  second  series.  The  elevation 
exists  only  in  specimens  which  are  not  worn  down,  and  is  beautifully 
obvious  in  a  specimen  which  M.  Ewald  has  sent  me.  The  tri-radiate 
clefts  of  the  calyx,  and  th(i  calycine  grooves  continued  from  them, 
are  covered  with  minute  platens  which  readily  fall  off.  In  the 
specimens  figured  by  L.  Von  Br.ch,  they  are  still  perfect,  and  form 
a  fine  series  of  plates  from  the  mouth  to  the  ventral  surface  of 
the  three  arms.  In  this  series  again,  three  delicate  grooves  are 
distinguishable,  as  in  Echhiosphwritcs  aiiraiitiiim,  which  correspond 
with  the  subjacent  clefts  of  the  large  plates  of  the  calyx  and 
their  grooves.  In  the  always  much  worn  specimen  of  CnjpfocrlnUes 
cerasus,  no  indications  of  arms  have  hitherto  been  observed. 

"Forbes  regards  the  Ci/sfklac,  like  the  Jilastoidca,  as  sections  of 
the  Echinoderms  different  from  the  Ciinoids.  The  Si>h(i:roHltcs  were 
already  arranged  among  the  Crinoids  by  rcai^on  of  their  stalks 
before  their  arms  were  discovered,  and  we  now  hav(!  still  more 
reason  for  considering  this  .o  be  their  true  position.  Volborth 
and  Ra;mer  consider  the  Cijsudcce  as  a  group  of  Crinoids,  which 
is  also  my  own  view.  The  position  of  i\w  the  arms  however, 
must  not  be  regarded  as  one  of  their  chara(;ters  ;  for  in  Sitha:ro?ufcs 
Leuc/ifcrilicr^il  and  P /■(>/(  "rinitcs  nrljhniiis  ih>i  arms  were  situated 
far  away  from  the  moutli,  as  in  the  other  Ciinoids. 

"The  suctorial  feet  of  the  Cystideans  were  unquestionably  placed 
as  in  Pcniacrinus,  on  the  ambulacral  side  of  tiie  arms  and  in  the 
calycine  grooves.  In  the  introductory  ])art  of  this  essay  however, 
it    has  been   demonstrated    to    be   contrary   to   all   analogy,   that 
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suctoiial  feet  should  exist  in  any  Ecliinoderin  upon  the  antam- 
bulacral  side  of  the  persoma  from  the  apical  end  to  the  arms, 
or  between  the  ambulacrul  radii.  In  the  Cystidew  tl'.erefore,  the 
whole  calyx,  with  the  exception  of  the  calyciue  grooves,  is  to 
be  regarded  as  anambulacral. 

"The  genera  Pcntacrhivs,  Caryocrinvs,  and  most  Cystideans  are 
distinguished  among  the  Crinoids  by  the  existence  of  very  peculiar 
pores  in  the  anambulacral  plates  of  the  calyx.  Pi/itacrlnus  alone 
has  afforded  the  opportunity  of  an  exact  investigation  of  these  pores. 
I  have  described  and  figured  them  in  the  essay  upon  rcniacrluus. 

"The  interambulacnil  (interpalmar  as  well  as  intrapalmar)  caly- 
cinc  pores  of  Pciifocrinus  pierce  the  ventral  calycine  plates,  and  lead 
beneath  the  inner  membrane  of  the  calyx.  They  possess  no  soft 
external  prolongations.  In  contrast  with  the  ambulacral  calycine 
pores  for  feet,  these  may  be  called  anambulacral  calycine  pores. 
Their  signification  is  not  understood,  only  it  is  certain  that  they  are 
not  passages  for  feet.  A  comparison  with  the  respiratory  pores 
of  the  AsU-ridm  suggests  itself ;  soft  tubes  project  from  these,  with 
regard  to  which  Ehrenberg  has  shown  (and  I  can  confimi  his 
statement  by  my  own  observation,)  that  they  are  caeca,  which  are 
indeed  connected  wiih  the  abdominal  cavity,  but  are  perfectly  closed 
externally. 

"  The  calycine  pores  of  Canjocrinns  are  equally  without  relation 
to  the  arms;  and  thence,  though  differently  distributed,  resemble 
the  anambulacral  calycine  pores  of  Pcntaa-'mus.  Thej'^  occupy  the 
antambulacral  part  of  the  calyx  behind  the  arms  as  far  as  its  base. 

"Most  Cystideaiis  {Cri/ptncriiilfis  ccnisiis  excepted,)  possess  calycine 
pores,  which  are  distributed  over  a  greater  or  smaller  part  of 
the  calyx  without  radiation  and  in  a  very  peculiar  manner.  In 
those  forms  with  calycine  grooves,  as  Protoainitcs  and  Sphcerojiites 
Lcvchfcnbergii,  these  pores  again  appear  to  be  anambulacral,  since, 
like  the  anambulacral  pores  of  Pcn/dcri/iiis,  they  are  disposed  in 
the  areas  external  to  and  between  the  andmlacral  grooves  ;  here 
however,  their  distribution  is  far  wider,  since  they  extend  as  far 
as  the  base. 

"Two  principal  divisions  have  been  made,  according  to  the 
distribution  and  combination  of  thes<!  pores  : — 

"  I.  (Vstideans  with  pon'-rhombs.  The  pores  are  disposed  in 
rhomboidal  figures,  the  one-half  of  which  belongs  to  one  plate, 
the  other  to  its  contiguous  neighbour.  Every  two  pores  of  these 
rhombs   appear   to  be   invariably    united    by   canals   or    grooves, 
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which  are  visiblo  cither  upon  the  outer  or  on  the  inner  side  of 
the  plates,  in  such  a  manner  that  the  united  pores  belong  to  two 
different  adjacent  plates. 

"  a.  Pore-rhombs  without  external  connexion  of  the  pores. 
HcmicosmUcs  and  Ciir)jncnnus  ;  in  Hcinicosmkes  the  combining  grooves 
are  according  to  Volborth,  upon  the  inner  surface  of  the  plates. 

"  b.  In  Echi/iosi)k(critcs  granatiim,  Wahlenb.  {Caryoajsthcs  granatum, 
V.  B.),  the  pores  are  united  by  bands  projecting  externally,  which 
contain  the  connecting  canal  of  the  pores,  and  this  canal  is  always 
a  single  one  between  each  pair  of  pores,  or  even  a  series  of  pores.* 
The  more  importance  is  to  be  attached  to  this  circumstance,  as 
the  number  of  the  calycine  plates,  even  of  the  basal  plates  in 
Carynajstitcs  granatum,  varies,  so  that  some  specimens  possess  more 
superimposed  plates  than  others,  and  even  specimens  with  five 
basal  plates  are  not  rare.  According  to  the  arrangement  of  the 
plates,  I  do  not  think  that  Cari/oci/stitcs  and  Echinosphcerites  could 
be  separated. 

"  A.  form  nearly  allied  to  Corijoci/s(.ilcs  granatum,  observed  by  M. 
Beyrich  (Drift  [Gcuchicbc]  near  Berlin),  the  plates  of  whose  calyx 
are  more  numerous,  is  distinguished  by  the  bands  which  unite 
the  pores  belonging  to  an  entire  series  oi"  pores,  which  penetrate 
the  entire  thickness  of  the  [dates,  so  that  the  series  of  pores 
appear  also  upon  the  inner  surface  of  the  plates.  Something  similar 
may  also  be  observed  in  many  specimens  of  CaryocijHtitcs  granatum, 
inasmuch  as  the  canals  of  the  bauds  not  unfrequently  also  exhibit 
clefts  here  and  there  between  the  terminal  pores.  These  clefts 
may  indeed  be  readily  explained  by  the  grinding  down  of  the 
canals ;  the  occurence  of  the  regular  rows  of  pores  in  the  species 
above  mentioned,  however,  leads  us  to  question  whether  they  always 
have  this  origin. 

"  c.  In  EchliiosjihcBritcs  auranthim  and  E.  arunra  every  two  pores  of 
two  plates  are  not  uncommonly  connected  by  one,  usually  by  two 
canals,  which  are  recognizable  upon  the  outer  surface  of  the  plates ; 
Echinosphcerites  tcsluiUnaritis,  included  by  Von  Buch  in  the  ill-defined 
genus  Caryncijsli/cs,  is  an  elongated  Ecliinosplucrite.  Its  pore- 
rhombs  agree  mor«^  closely  with  the  previously-named  species  than 
with  Cari/ocijslitcs  granatum,  though  the  number  of  th(!  pore-canals 
between   every  pair  of  pores  is   in   some   localities   still  greater. 


•  und  (licser  Canal  ist  imracr  ein  cinzigcr  zwischcn  je  awei  Poren,  odcr  sclbsi 

einer  Porcnrcihe. 
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In  fact,  we  not  nnusual'y  observe  not  only  two,  but  three  or  even 
four  conjoined  canals,  which  open  at  both  ends  into  a  pore,  and 
are  so  connected. 

"  d.  Tiie  genera  Ech'mo-encrlmis,  Pseudomnifcs,  Apioajstites,  Pruno- 
cijsiu  s,  are  distinguished  by  possessing  only  a  few  pore-rhombs — 
fragments  of  tlie  system — which  however  are  here  justly  termed 
pore-rhombs.  In  Erklno-cncrinus  angiilosus  and  E.  striates  there  can 
be  no  doubt  that  the  elongated  pores  of  these  rhombs  are  clefts 
wliich  penetrate  the  whole  thickness  of  the  plates.  Forbes  remained 
in  doubt  with  regard  to  these  pores,  and  was  inclined  to  interpret 
the  '  pectinated  rhombs'  as  the  situation  of  ciliary  organs  comparable 
with  the  ciliated  epaidettes  of  the  larva;  of  Echini.  Seeing  the  very 
problematical  nature  of  all  pore-rhombs,  and  of  all  non-ambulacral 
pores  of  the  Crinoids  in  fact,  tlu^  suj»position  that  the  cilia  are 
connected  with  the  pores  and  pore-canals  is  not  to  be  excluded. 

"  The  number  of  the  pore-rhombs  in  the  Ech'mo-cncnnitcs  appears 
to  vary,  and  Echinn-cnrrhms  gratuitum,  Volb.,  would  appear  to  be 
only  such  a  variety  of  the  fj.  angiilosus. 

"  II.  Cystideans  with  double  pores  upon  the  calycinj  plates, 
which  belong  not  to  two  different  plates,  but  to  the  same.  The 
plates  are  facetted,  and  each  facet  possesses  two  closely  approximated 
pores.  Here  belongs  a  small  group  of  Cystideans,  which,  since  it 
consists  of  many  genera,  might  be  called  Dlploporitidec  (Dijdojjoriten). 
The  genera  included  in  it  are  : — 

"  1.  Sphccronius  poimim,  His.,  type  of  a  peculiar  genus,  which 
may  retain  the  name  of  Splucroiiitcs,  as  opposed  to  the  Ec/umsjjficerkes 
with  pore-rhombs. 

"  2.  Protocrinitcs  (P.  ovl/ornis,  Eichw.). 

"  3.  Sj)hfcroni(cs  Lcuchtcnhcrgu,  Volb.,  type  of  a  peculiar  genus, 
which  may  be  termed  Gli/piospfuerifes.  That  the  Russian  SplKsronites 
iwmum,  Leuchtenb.,  or  S.  Leiichtcnhcigii,  Volb.,  is  not  the  Swedish 
S.  povium,  Volborth  thought  probable  from  Gyllenhal's  account. 
The  specimens  of  the  Swedish  form  in  the  Jklineralogical  Museum 
of  this  place  put  this  beyond  doujt.  There  are  no  calycine  grooves 
on  the  true  Sphferonites  pomvm,  His.  ;  on  the  other  hand,  the  five 
outermost  calycine  plates  are  elevated  into  a  triangular  pyramid, 
truncated  at  the  mouth,  as  in  Ech'uiosplucnlrs  oumnt'nim ;  the  edges 
of  the  pyramid  are  broken  off  in  all  the  sjx'cimens,  and  leave  a  doubt 
•♦,8  to  the  form  of  the  arms  which  were  probably  present.  The  base 
of  the  calyx  is  transversely  truncated,  and  very  broad  in  relation  to 
the  diameter  of  the  calyx  ;  it  consists  of  six  to  seven  pieces. 
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"  The  relation  of  a  few  other  Dijiloporitidce  to  tliose  genera  is 
still  unknown.  Many  of  the  Cy.sl id'.'ans  desciibcd  by  Forbes, 
and  ennnu'iated  by  him  among  the  Curi/ori/stitt.s,  viz.  C.  Lilchii 
(F.J,  C.  pyrljhrmis  (V.),  C.  munitvs  (V.),  do  not  belong  to  tiie 
genus  Can/ori/.stltrs  (von  Buch),  being  nitiier  Diploixtrithhi:  allied 
to  Sp/Kcnmites  yfmim,  which  require  further  investigation." 
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SECTION'   III. 

nK.SCRIl'TION.S   OF  TIIE  LOWKU   vSIUiRI.\N   SPKCIKS   OK   CYSTIDE.E   OF 

CANADA. 

Genus  Plkuuocystitks,  Billings. 

{Cimdian  Journal,  vol.  ii.  y.  '250,  18,'')1 :   Ccol.  Survey  of  Camtiln,  Report,  1857,  p.  284.) 

Gcnnic  C/idriicfrrs. — Body,  oval,  ilat ;  dorsal  side  composed  of 
large  polygonal  phites ;  ventral  side  almost  entirely  occupi(!d  by  a 
large  oval  spaee  protected  by  an  integument  of  numerous  small 
plates;  arms  or  pinnidiii>,  free,  two  in  mnnber,  articulated  in  two 
scries ;  moutii,  situated  at  the  base  on  tlui  left  side;  a  small  aperture 
near  the  apex  ;  ambulacral  orifices  not  yet  obr;erved ;  pectinated  rhombs 
three,  oiu'  in  the  lowcir  half  of  the  body  and  two  in  the  upper  half; 
column,  short  and  tapering.     Generic  name  from  p/ew/Y>/(,  a  side. 

The  following  i.s  the  arrangement  of  the  plates : — The  pelvic 
or  basal  plates  are  four  in  number;  the  dorsal  pair  pentagonal,  and 
forming  by  their  upper  sloping  sides  a  broad  re-entering  angle,  in 
which  is  supported  a  larg(!  hexagonal  plate  belonging  to  the  next 
series;  the  other  two  pelvic  plates  are  situated  one  on  each  side  of 
the  dorsal  pair,  and  partly  beneath  them  ;  they  do  not  unite  on  the 
ventral  side  to  form  the  cup-.shaped  pelvis  of  the  ordinary  cystidea3, 
but  spread  out  wing-like  from  the  sides  of  the  column;  only  a  small 
.slender  projection  of  these  platens  extends  round  so  as  to  meet  on  the 
ventral  side.     (PI.  i.  lig.  \c.) 

In  the  .second  series  there  are  five  plates  ;  two  of  these  are  situated 
at  the  lower  outer  angles  of  the  body,  and  from  their  position  in  the 
same  level  with  pelvic  plates,  appear  to  belong  to  that  series.  They 
are  however  the  exact  homolognes  of  the  two  plates  which  support 
the  month  in  such  genera  as  Echino-cncrinitm,  Apiocijstkcs,  Ghjptoajs- 
tifes,  and  others  of  similar  structure,  but  separated  and  thrust  out  of 
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their  nornial  position  by  the  introduction  of  the  area  of  small  plates. 
The  other  thn-e  plates  of  the  second  series  form  a  regular  row  across 
the  body  above  tht;  pelvic  plates.  Th(  central  one  is  hexagonal, 
it  has  one-half  of  the  post(!rior  pectinated  rhombs  on  the  right  lower 
sid*',  and  is  Hanked  on  (uich  side  by  a  large  heptagonal  plate. 

The  third  series  consists  of  four  large  plates,  elongated  vertically; 
one  of  these,  situated  on  the  right  hand  of  the  centre  of  the  back,  if 
pentagonal,  and  next  to  it,  on  the  left,  is  another  of  nearly  the  same 
form,  but  inadi;   hexagonal  by  the  truncation  of  one  of  the  upper 
angles.     These  two  plates  are  narrowed  above  to  correspond  with 
the  decreasing  dimensions  of  the  body,  which  here  begins  to  contract. 
The  other  two  [>lates  of  this  series  are  either  heptagonal  or  slightly 
octagonal,  and  at  their  upper  extremities  they  fold  around  the  body 
and  unite  on  the  ventral  side  by  narrow  projections,  which  arch  over 
the  area  of  small  plates.     Above;  the   third  series  are  ten  smaller 
plates,  which  close  the  summit  and  form  a  solid  support  for  the  arms. 
The  ventral  side,  as  before  mentioned,  is  mostly  occupied  by  an 
area  of  small  plates  (see  plate  i.  fig.  Ic,  and  plate  ii.  fig.  lb)  which 
are  altogether  of  a  dillerent  character  from  those  of  the  doisal  side. 
They  vary  greatly  in  size  in  the  ditlerent  species ;   for  instance,  in 
r.  s(iu(imi)sits  tlu.'re  are  several  hundreds  of  them,  and  in  V./dittxtiis 
only  about  forty  or  fifty.     The  nuirgins  of  the  dorsal  plates  being 
folded  over,  form  a  solid  smooth  border  around  the  whole  space,  and 
to   this   border  the   small   plates    do   not  seem  to  be  connected. 
According  to  my  view,  the  whole  of  the  oval  space  on  the  ventral 
side  surrounded  by  the  border,  was  covered  by  a  llexible  integument, 
strengthened  by  the   small    plates,  and  these   cannot  theretbre  be 
regarded  as  normal  plates  in  the  sense  in  which  the  term  is  used  in 
describinu;  genera  of  Crinoids  or  Cvstidea,  but  rather  as  the  remains 
of  a  partially  calcified  dermal  covering  for  a  part  not  protected  by 
the  true  skeleton.     It  follows  that  i*i  this  genus  the  dorsal  side  is 
composed  of  a  definite  number  of  plates,  arranged  according  to  a 
permanent  plan,  and  in  this  respect  is  related  to  that  group  to  which 
Echino-cnciinites  belongs;  while  the  ventral  side,  by  the  indefiniteness 
of  the  number  and  arrangement  of  the  plates,  is  more  like  the  body 
of  a  Sphii'ronite. 

The  motitk  is  situated  on  the  left  hand  side  of  the  base,  and  opens 
out  through  a  notch  excavated  in  the  border.  In  most  specimens 
the  sutures  between  the  plates  cannot  be  detected  in  the  border, 
owing  to  the  close  manner  in  which  they  have  been  anchylosed.  It 
can  be  seen  however,  that  if  the  two  anterior  basal  plates  were 
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folded  round  and  brought  up  into  tlxur  i)roper  position,  tlio  mouth 
would  li(!  partly  in  the  suture  between  two  of  the  plates  of  the 
second  series,  which  is  its  position  in  many  of  th<!  ordinary  Cystideae 
which  have  the  definite  number  and  arran<i;ement  of  the  plates. 

'r/ic  amhuhicral  orifice,  probably  lies  in  the  apex  in  the  bottom  of 
the  groove  between  the  two  arms,  and  must  be  exceedingly  minute, 
as  I  have  been  unable  to  d«itect  it  in  several  specimens  that  I  have 
disarticulated  for  that  purpose. 

The  anal?  aperture  is  also  very  small,  and  situated  on  the  anterior 
aide,  close  to  the  apex.  It  consists  of  a  small  rugged  notch  in  the 
edges  of  two  of  the  snuill  plates,  below  the  arms. 

The  arms  are  articulated  in  two  series,  and  the  ambulacral  groove 
is  continuous  from  one  to  the  other  across  the  space  between  their 
bases.  On  each  side  of  the  groove  is  a  row  of  small  marginal  plates, 
two  or  three  to  each  joint  of  the  arm. 

The  jiecdnatcd  rhombs  are  three  in  number  ;  one  of  them  is  placed 
half  on  the  right  dorsal  basal  plate  and  half  on  the  large  hexagonal 
plate  of  the  second  series ;  the  other  two  are  also  situated  on  the 
dorsal  side,  one  upon  the  left  pair  and  the  other  on  the  right  pair  of 
plates  of  the  third  series.  Of  these  two  rhombs  the  left  one  is  the 
larger  in  all  the  Specimens  I  have  seen. 

This  genus  was  first  dis»"overed  in  the  Trenton  limestone  at  the 
city  of  Ottawa,  and  afterwards  at  Montreal  in  the  same  rock.  In 
1856  Mr.  Richardson  found  one  species  in  the  Hudson  River  group 
at  Anticosti.  In  the  Museum  of  Practical  Geology,  .Termyn  Street, 
London,  are  specimens  of  a  species,  F.  Rugcri  (Salter),  collected  in 
the  Caradoc  formation  of  Wales ;  and  M.  Barrande  informs  me  that 
a  species,  which  appears  to  be  referable  to  the  genus,  occurs  in  his 
fitage  D,  in  Bohemia,  the  equivalent  of  the  Landeilo  and  Caradoc 
of  Britain,  and  of  the  Trenton  and  Hudson  River  groups  of  America. 

The  species  are  so  closely  allied,  that  there  is  much  difficulty  in 
defining  tht*^  ;  yet  I  am  satisfied  that  there  are  several  which  are 
distinct.  It  is  very  improbable  that  a  genus  of  Cystideans,  ranging 
from  the  Chazy  limestone  to  the  Hudson  River  group,  and  spreading 
over  so  vast  a  geographical  area  as  that  which  lies  between  Canada 
West  and  Bohemia,  should  have  but  one  species.  Still  it  is  not 
easy  to  find  many  good  specific  characters  to  separate  those  in  the 
collection  at  Montreal.  The  following  appear  to  me  to  be  distinct; 
but  when  the  genus  becomes  better  known,  it  may  be  necessary  to 
make  some  other  disposition  of  them  : — 
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I.  PLKi'iifx  \-sTnES  s(;r,\Mosrs,  Iiillings. 

rhite  I.    FigUH's  la,  ib,  If,  It/. 
{Canadian  Journal,  vol.  ii.  p.  251,  1854;   Geol.  Survey  of  Canada,  Report,  1850,  p.  280.) 

Dcscripfloti. — III  this  spocios  tlio  largo  pliitoa  on  the  dor.sil  si(h!  an? 
sniootlijOr  hut  slightly  markcsd  with  ohscun;  radiating  and  concentric 
ridges,  and  the  opening  on  the  anterior  side  is  protected  by  an 
integument  coiuposed  of  a  va.st  number  of  small,  mostly  hexagonal 
plates,  each  less  than  the  liftieth  part  of  an  inch  in  diameter  near 
the  border,  and  abotit  the  twentieth  of  an  inch  in  the  centre  of  the 
space.  Tli(!  rhombs  are  small  and  somewhat  elliptical,  the  larger 
axes  of  the  upper  two  being  transverse  to  the  length  of  tln^  fossil; 
in  a  specimen  with  a  body  thirteen  lines  in  length  the  left  upper 
rhomb  has  a  transverse  axis  of  three  lines  and  a  vertical  axis  of  two 
lines  in  length.  The  rhomb  on  the  right  is  two  lines  long  and  one 
and  a-half  broad ;  the  basal  rhomb  is  jibout  of  the  same  size  as  the 
last  mentioned  ;  they  are  all  slightly  elevated  above  the  general 
surface,  and  either  flat  or  only  a  very  little  concave.  The  pores 
extend  completely  ac.oss  the  rhomb  from  one  side  to  the  other. 
The  column  is  strongly  annulated,  and  the  projecting  joints  or  rings 
striated  vertically,  so  that  when  well  preserved  they  have  a  nodulose 
appearance.  , 

Explanation  of  Fiqcrks.     Plate  I. 

Figs,  la  and  16.    Dorsal  views  of  two  specimens. 

Fig.  If.  Ventral  view  of  a  specimen  shewing  the  plated  integument  and  strong  borders 

formed  by  the  folding  over  of  the  dorsal  plates  ;    the  mouth  is  at  o. 
Fig.  Id.  Ventral  view  of  the  upper  part  of  the  cup  and  arms  of  a  specimen  of  this 

species,  the  remainder  of  which  is  completely  buried  iu  the  stone  ;    le  is 

the  same  enlarged  ;  at  a  ia  the  small  sub-apical  aperture.    It  is  represented 

too  large  in  the  figure. 

Lncalit]!  and  Formation. — Trenton  limestone,  near  the  middle  of  the 
formation  at  Ottawa. 

Cdllcctors. — E.  Billings,  J.  Richardson. 

II.  Pleuroctstites  ROiuTSTUs,  Billings. 

Plate  I.   Fig.  2a. 

(Canadian  Journal,  vol.  ii.  p.  252,  1854;   Geol.  Sur  'v  of  Canada,  Report,  1856,  p.  280.) 

Description. — In  this  species  the  rhombs  arc  obscurely  elliptical, 
or  rather  in  the  shape  of  a  spherical  triangle;  they  have  somewhat 
the  appearance  of  a  rhomboid,  but  then   the  angles  are  so  much 
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roiitidi'd  that  iin  cllipticnl  figure  is  n|)jtr()n('In'(l,  wliirli  owing  to  tlnj 
slinht  ciirvutiiro  of  the  upjx'r  side,  is  jilso  triimirnliir.  Tlicy  vt'ry 
iiiiicli  rt'sfiiildc  the  rliomhs  of  V.siiiKtiiiusiis,  Imt  have  a  coiicavt'  iiistcatl 
of  a  plaiH!  Hinliicc,  as  in  lliat  species;  tliey  are  snironnded  l)y  an 
elevateil  rounded  l)order.  Tlie  snrfaee  of  (lie  plates  n[toM  the  dorsal 
side  is  ornamented  with  fnie  roimdiMJ  radiating  striie,  which  are 
always  at  right  aiigh's  to  the  margin  of  the  [)lates.  \n  addition  to 
the  small  stri;e  on  some  of  the  [)lates,  an  <d)sciire  ridge  runs  from 
each  of  the  angles  towards  the  centre  c.^the  plate. 

This  sp(!cies  only  differs  from  P.  s(jiimii(isiis,  as  far  as  can  bo  ascer- 
tained from  the  few  fragments  collected,  in  the  form  of  the  rhombs 
and  striation  of  the  surface  ;  it  appears  also  to  havi!  been  n  larg«;r  and 
more  vigorous  species.  It  is  very  dillicult  to  decide  whether  it  be 
really  distinct  frotn  the  other  or  n(tt. 

Length  of  the  upju'r  left  rliond),  three  lines  and  a-half ;  breadth 
in  the  vertical  direction,  three  lines;  the  right  rhomb  is  somewhat 
smaller. 

Explanation  of  Fiouhe.    Pinto  I. 

Fig.  2a.  Sbows  a  fragment  of  tlie  upper  )mrt  of  a  specimen.  From  the  position  in 
whicli  tiic  artist  viewed  tlie  specimen,  the  left  rhomb  in  the  figure  niipetirs 
too  nngulur  on  the  up|ier  siilo. 

Lnctili/ij  and  Fi)rm(iti(>ii. — Trenton  limestone.  City  of  Ottawa. 
Cullrctor. — E.  Billings. 


III.  Pleurocystites  kilitexti's,  Billings. 
Plate  II.    Figs,  la,  1/». 

(Canadian  Journal,  vol.  ii.  p.  252,  1854  ;    Geol.  Survey  of  Camulu,  Report,  1856,  i>.  28G.) 

Drscriptio?). — The  pectinated  rhombs  of  this  specjes  are  oi"  a  very 
dillerent  shape  from  that  of  the  saiM  organs  in  F.  stjmmosus  and 
P.  rohmtm.  They  have  their  greatest  leogth  in  the  vertical  direction 
instead  of  the  transverse,  as  in  the  other  «(>ecie«.  In  the  structure  of 
the  integument  of  the  ventral  side  there  is  also  a  difference,  which 
cannot  but  be  of  sperific  importance.  The  plates  (see  pi.  ii.  fig.  \b) 
are  ten  times  the  size,  and  consecjuently  greatly  less  in  number.  The 
surfiice  of  the  dorsal  side  of  the  sfM'cimen  figured  is  rstarked  by  strong 
ridges  radiating  from  the  centre  to  the  angles  of  the  plates.  Two 
fasicles  of  coarse  rounded  ridges,  five  in  each,  proceed  from  the  centre 
of  the  large  hexagonal  plate  of  the  second  series  on  to  the  two 
central  plates  of  the  third  series,  crossing  the  sutures  ut  right  angles. 
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Similar  ridgns,  but  ffwcr  in  iiiuubrr,  cross  the  fiutures  botwoon  the 
other  pliit«'s  at  right  anglcH.  (n  soin<!  of  tlic  Hpccimcns  tlirre  are 
pretty  Htroiig  coiKuuitric  linen  interwoven  with  the  otherH,  and  portions 
of  the  snrface,  especially  when;  there  is  no  striation,  arc  rongiiened 
by  the  presences  of  small  irregular  tubercles.  In  other  six'cimeiig 
the  whole  of  the  surface  appears  to  have  beiMi  striated  at  right  angles 
to  the  sutures,  and  it  is  cpiite  certain  that  in  all  the  species  of  this 
genus  there  was  more  or  less  variation  in  the  character  of  tlu^  striation. 
Length  of  the  upper  left  rhomb,  five  lines  in  a  specimen  fourteen 
lines  long;  of  the  right  rhomb,  three  lin«is,  Tii(!  form  of  the 
basal  rhomb  has  not  yet  been  precisely  ascertained,  but  appears  to 
be  of  an  elliptical  shai)e,  its  greatest  length  lying  in  the  direction  of 
the  sutnre  upon  which  it  is  placed. 

Explanation  of  Fioiues.    Plate  II. 

Fig.  1(1  id  11  specimen  whicii  ima  tiio  column  and  a  piu'tiun  of  the  arms  firmly  attnched 
to  a  piect-  of  liniesloiie.  Tiic  jrniiti'f  part  uf  tliu  body  iiowuvt'r  is  loose,  ftnj 
can  be  removed  in  ouc  piece,  givinjf  a  view  of  the  ventral  side.  Fig.  16  is 
the  ventral  side,  shewing  the  largo  plates  of  tlic  integument,  ond  obscurely 
the  small  aperture  near  the  apex.  The  apccinuMi  is  somewhat  distorted  by 
pressure,  so  that  liie  true  form  of  the  rhombs  cannot  bo  made  out.  o,  the 
mouth. 

Lnai/ifij  and  Fonnntion. — Trenton  limestone,  City  of  Ottawa.  In 
one  locality  the  surface  of  a  bed  of  limestone  for  several  yanis  squaie 
was  covered  with  the  separated  plates  mid  joitits  of  the  columns  of 
this  species.  The  liighly  instriici  f  and  valuable  specimen  figured 
is  the  most  perfect  that  has  hi ^  u  Jound. 

Collector. — E.  Billings. 
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IV.  PlEUUI  fCVSTITES  ELEGANS,  BilHngs. 

Plate  II.   Figs.  2a,  2b,  2c,  2d. 
(Geological  Survey  of  Canada,  Report,  1866,  p.  287.) 

Description. — This  species  much  resembles  P.Jilitextiis,  btit  may  be 
readily  distinguisluid  by  the  rhombs  being  shorter,  and  by  the  mnch 
stronger  striation,  in  proportion  to  the  size,  over  its  whole  surface. 
The  rhombs  have  a  more  regular  outline  than  those  of  P.  squamosus 
or  P.rohiistiis;  they  are  bounded  by  four  nearly  straight  sides,  instead 
of  curved  lines;  the  poriferous  areas  are  however  somewhat  rounded 
at  the  upper  angles,  while  the  form  of  the  border  is  such  as  to  give 
to  the  whole  organ  a  regularly  rhomboidal  aspect.  The  shape  is 
best  shewn  in  fig.  2a,  and  in  the  basal  rhomb  of  2c;  by  comparing 
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the  latter  with  the  portion  of  the  basal  rhomb  of  P.fiUtextus,  repre- 
sented in  la,  the  diflerence  will  be  at  once  detected ;  all  the  others 
are  more  or  less  distorted.  In  P.Jiliicxtus  the  left  upper  rhomb  is  a 
little  more  than  one-third  the  length  of  the  body,  but  in  P.  elegans 
it  is  a  little  more  than  one-fourth.  The  plates  of  the  ventral  side 
have  not  yet  been  seen. 

Explanation  of  Fioires.    Plate  II. 

Figs.  2a,  26,  2c  and  2d?  are  dorsal  views  of  this  species.  It  is  doubtful  wiicthcr  2d 
should  be  referred  to  this  species  or  to  the  thickly  striated  varieties  of 
P.filitextus.  The  crushed  condition  of  this,  and  indeed  of  all  the  specimens, 
renders  it  most  difficult  to  decide  when  the  species  are  so  closely  allied. 

Locality  and  Fnj-matinn. — Trenton  limestone,  City  of  Ottawa. 
Collector. — E.  Billings. 
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V.  Pleurocystites  exornatus,  Billings. 

Description. — Rhombs  sub-triangular,  surrounded  by  a  thin  sharp 
border,  which  is  a  good  deal  elevated  above  the  surface.  The  upper 
side  of  the  rhomb  is  nearly  straight,  and  the  other  two  sides  converge 
to  a  slightly  rounded  angle  below.  The  outline  of  the  rhombs  of 
this  species  is  like  that  of  P.  rohustus ;  but,  on  the  other  hand,  the 
poriferous  area  or  portion  has  a  flat  surface,  while  in  the  other  species 
it  is  concave.  The  plates  of  the  ventral  integiunent  are  about  the 
size  of  those  oi  P.filitvxtiis,  from  which  species  it  differs  by  the  form 
cf  the  rhombs  ;  the  size  of  the  V(?ntral  plates  also  sc^parates  it  from 
P.  sqiiamo.m.'i.     The  column  is  beautifully  striated  longitudinally. 

Locality  and  Formation. — Lower  part  of  the  Trenton  limestone, 
Montreal.  Fragments  resembling  this  species  occur  in  the  Chazy 
limestone  near  Montreal. 

Collector. — E.  Billings. 
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VI.  Pleuuocy.stite.s  Anticostiensis,  Billings. 
Plate  I.    Figure  3. 

(Geological  Survey  of  Canada,  Report,  ISfiG,  p.  288.) 

Description. — All  that  can  be  said  about  this  species  is  that  the 
rhombs  are  very  long  and  narrow,  and  the  large  joints  of  the  column 
80  coarsely  striated  that  they  {ip{)ear  to  b(  nodulose.  Only  a  frag- 
ment, consisting  of  a  portion  of  the  column  and  the  lower  part  of 
the  body,  has  been  collected;   the  specimen  measures  eleven  lines 
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from  tlie  base  of  the  body  to  the  upper  angle  of  the  large  dorsal 
hcxngonal  plate,  and  the  right  half  of  the  left  upper  rhomb  is  in 
length  five  lines  and  in  breadth  one  line.  The  plates  appear  to  have 
been  smooth,  and  in  this  respect  principally  does  the  species  differ 
from  P./dUcxtns,  which  is  much  ornamented  with  radiating  strim. 
This  is  the  only  species  we  have  as  yet  from  the  Hudson  River  group. 

Explanation  of  Fiouke.    Plate  I. 
Figure  3.     Dorsal  view  of  an  imperfect  specimen  of  tins  species. 

Locality  and  Formation. — Charleton  Point,   Island   of  Anticosti  ; 
Hudson  River  group. 

Collector. — J.  Richardson. 
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Genus  Glyptocystites,  Billings. 

{Canadian  Journal,  vol.  ii.  p.  215,  1854 ;    Geol.  Survey  of  Canada,  Report,  1856,  p.  280.) 

Generic  Characters. — Body,  elongate,  cylindrical ;  test  composed 
of  four  series  of  plates,  of  which  there  are  four  in  the  basal,  and 
five  in  each  of  the  second,  third  and  fourth  series  ;  three  of  the  basal 
plates  are  pentagonal,  the  fourth  hexagonal ;  the  mouth,  in  the  only 
species  in  which  it  hii«  been  seen,  is  situated  in  the  lower  half  of  the 
body,  its  lower  side  being  formed  of  a  notch  in  that  plate  of  the 
second  series  which  rests  upon  the  hexagonal  basal  plate  ;  it  is 
without  a  valvular  apparatus ;  the  ambulacral  orifice  is  in  or  near 
the  centre  of  the  summit,  where  it  receives  the  five  ambulacral 
grooves  of  the  arms ;  near  it  is  a  small  anal  ?  pore ;  there  are  from 
ten  to  thirteen  jiectinated  rhombs ;  the  arms  are  recumbcMit,  and 
upon  the  apex  of  the  fossil  the  ambulacral  grooves  are  beset  with 
small  marginal  plates;  the  pimiuhe  are  articulated  in  two  series; 
the  column  is  short,  and  tiipering  to  a  point  at  the  lower  extremity. 

The  plates  of  the  cup  of  this  genus  are  somewhat  remarkable  for 
their  form.  In  the  hitherto  known  Crinoideie  and  Cystidcfo  they 
are  polygonal  and  bounded  by  straight  sides;  but  all  the  species  of 
this  uenus  yet  ob.served  have  some  of  them  with  re-enteriuij;  angles. 
By  ref(!rring  to  pi.  iii.  fig.  la,  it  will  be  seen  that  the  basal  series  of 
G.  miilfiponis  is  very  regular,  and  exactly  like  that  of  the  genus 
Erhino-encrinitcs  (Volbortli),  re[tresented  in  fig.  \l>,  the  only  diderence 
being  that  the  dorsal  plate  is  so  much  extended  upwards  as  to 
separate  two  of  the  plates  of  the  second  series.  These  two  plates 
are  notched  on  the  upper  side  for  the  reception  of  the  small 
hexagonal  plate  of  the  third  series.     Several  of  the  other  plates  are 
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also  variously  notched.  In  the  species  Gr.  Logani,  G.  Furbesi,  and 
G.  gracilis,  many  of  the  plates  have  re-entering  angles,  hut  in  their 
arrangement  in  the  walls  of  the  cup  they  form  regular  series. 

The  pectinated  rhombs  also  exhibit  some  peculiar  new  features. 
In  no  other  genus  have  more  than  three  Dcen  observed,  and  these, 
in  all  the  genera  except  Echino-cncriiiitcs,  are  placed  one  at  the  base 
of  the  dorsal  side  and  two  in  the  upper  half  of  the  body,  as  in  the 
genus  PIcurocijstltes.  The  surface  of  Gli/pfoajstitcs  shews  that  three 
is  not  the  constant  number.  It  was  also  supposed  to  be  essential  to 
these  organs  that  each  should  occupy  two  contiguous  plates,  about 
half  of  the  rhomb  being  upon  one  and  the  other  half  upon  the  other. 
In  Ghjptoajstites  we  have  the  new  character  of-half  rhombs  in  all  the 
four  species.     Generic  name  from  ghjptos,  sculptured. 

Ghjjmcijsdics  at  one  time  appeared  to  me  to  be  so  closely  related 
to  Echino-cncrinites,  that  I  had  much  doubt  as  to  the  propriety  of 
retaining  the  name.  After  having  examined  a  number  of  good 
specimens  of  the  Russian  genus,  in  the  Museum  of  Practical  Geology, 
London,  I  am  satisfied  that  there  is  no  generic  affinity  between  them, 
except  in  the  ]:)resence  of  the  two  rhombs  in  tlie  dorsal  side  of  the 
base.  In  no  other  respect  is  there  any  near  relationship.  That  the 
11  umber  and  arrangement  of  the  plates  are  the  same  in  both  genera, 
is  not  a  character  sufficieiit  to  unite  them;  otherwise  we  should  be 
obliged  to  make  but  one  genus  of  Pscudocriuitrs  (PeanM;),  Apioajstitcs 
I  Forbes),  Prunoaptitra  (Forbes),  Echiiio-ciicrinitcs  (Volborth),  Lcpmh- 
criiiiteii  (Conrad),  and  (ihjiitoaj>ililcs.  In  all  of  these  there  are  four 
series  of  plates,  as  follows:  Fuin*  basal  plates,  and  five  in  each  of 
the  second,  third  and  fourth  series.  If  we  seek  for  other  characters, 
we  find  that  the  Russian  genus  consists  of  several  species,  which, 
taken  together,  constitute  a  group  having  in  its  general  aspect  no 
resemblance  whatever  to  that  group  formed  by  the  four  species  of 
the  American  genus.  Tlie  European  s[»ecies  have  sliort  angular 
bodies  covered  with  thick  plates,  tlie  ventral  side  sometimes  greatly 
[uojecting,  and  only  three  pectinated  rhombs  obscurely  developed ; 
while  all  the  spticies  of  our  genus  have  elongated  sub-cylindrical 
bodies,  nearly  covered  with  rhombs,  some  of  them  of  a  large  size. 


VII.  Glyptocystites  multiporus,  Billings. 
Plate  III. 

{Canadian  Juunuil,  vol.  ii.  p.  215,  1851 ;    Gi'ol.  Siirvii/  of  Cuniula,  Rcporl,  185(5,  ]i.  281.) 

Descri^/tioH. — One  inch  in  length,  five  lines  in  diameter,  cylindrical, 
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obscurely  five-sided,  rounded  at  the  apex,  abruptly  truncated  at  the 
base  ;  mouth  large,  oval,  without  valves,  situated  with  its  upper 
margin  abo':t  tlie  centre  of  the  length  of  the  body ;  ambulacial 
orifice  small,  riituated  in  the  centre  of  the  apex,  a  small  pore  near  it 
on  the  right  hand  side ;  arms  five,  four  of  them  extending  down  the 
sides  to  the  base,  the  fifth  only  two  or  three  lines  in  length  ; 
thirteen  pectinated  rhombs ;  column  short,  tapering  to  a  point, 
annulated  by  alternately  wide  and  narrow  joints,  the  former  of 
which  are  striated  on  their  projecting  edges  in  the  longitudinal 
direction. 

In  this  species  the  basal  and  second  series  of  plates  are  pretty 
regular,  but  the  third  series  contains  two  plates,  which  are  very 
small  in  proportion  to  the  others,  an  irregularity  compensated  by  a 
corresponding  enlargement  of  two  of  the  plates  of  the  fourth  series, 
which  are  of  so  great  a  size  that  they  extend  from  the  top  of  the 
body  down  to  the  second  series,  and  thus  fill  up  the  blank,  in  the 
third  series  formed  by  the  deficiency  in  the  size  of  the  two  small 
plates  mentioned  (s.  r!  iii.  fig.  la).  The  whole  of  the  upp'T  half 
of  the  test  presents-'  •  'ttle  of  order  in  its  structure,  in  consequence 
of  this  disproportioii  iii  the  size  of  the  plates. 

The  distributiod  of  tluf  pectinated  rhombs  is  as  follows  : — 

On  the  anterior  side  tliere  are  two  rhombs,  a  small  one  just  below 
ihe  month  on  tin;  right  side  and  a  large  one  above,  which  extends 
from  the  mouth  nearly  to  the  apex  (see  pi.  iii.  fig.</j. 

On  the  riglit  side  tlicrc  sire  two  ;  a  small  one  near  the  apex  and  a 
large  one  below  it,  but  still  nearly  altogether  in  the  upper  half  of 
the  fossil.  Both  of  these  are  a  little  oblique,  the  large  one  with  its 
upper  extremity  leaning  forward,  and  the  small  one  leaning  back- 
ward (see  pi.  iii.  fig.  c). 

On  the  posterior  or  dorsal  side  there  are  four,  two  at  the  base, 
one-half  of  each  being  on  the  basnl  plate  of  this  side,  and  the  other 
half  on  the  contiguous  plate  of  the  second  series;  a  third  very  small 
rhomb  is  situated  betwei'ii  the  two  small  plates  of  the  third  series, 
and  a  fourth  very  large  one  is  divided  between  the  two  large  plates 
of  the  tburth  seriiis  in  the  upper  half  of  the  fossil  (see  pi.  iii.  fig.  F). 


On  the  left  side  ther 


c  are 


live,  a  larixe  one  next  the  mouth,  and  at 


its  uppt'r  angle  another,  which  extends  across  tlu;  sides,  sloping  a 
littlt>  downwards,  with  a  tlsird  which  rises  nearly  perpendicularly 
from  the  posterior  angle  of  the  second  one;  below  this  then;  is  a 
hall-rhomb,  and  above  the  liiige  one  first  mentioned  in  this  division 
a  very  small  rhomb,  only  seen  lu  perfect  specimens  (see  pi.  iii.  fig.  E). 
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There  is  very  little  difference  in  tlir  form  of  the  rhombs.  They 
have  each,  except  the  three  smallest,  a  smooth  space  in  the  centre, 
which  is  a  little  elevated  above  the  poriferous  surface,  and  the  pores 
are  elongated  clefts  w^hich  pass  under  the  central  smooth  place,  so 
that  the  pores  of  the  one  side  are  continuous  with  those  upon  the 
other.  The  thin  partitions  etween  the  pores  penetrate  some  dis- 
tance into  the  interior  of  uie  fossil.  Figures  g  and  k,  plate  iii.  are 
sections  made  through  a  specimen  to  shew  this  character.  In  nearly 
all  the  rhombs  one  side  of  the  smooth  central  space  has  an  elevated 
border. 

The  arms  are  five  in  number,  four  of  them  extending  down  the 
sides  from  the  apex  to  the  base;  the  fifth  is  a  short  arm,  and  reaches 
only  two  or  three  lines  from  the  sunnnit  on  the  left  side  (see  pi.  iii. 
fig.  E).  They  are  composed  of  double  series  of  joints  alternating 
with  each  other,  and  so  loosely  attached  to  the  surface  that  they  can 
be  easily  removed  with  tae  point  of  a  sharp  knife.  The  ambulacral 
grooves  extend  the  whole  length  of  the  arms,  and  have  on  each  side 
:i  row  of  seven  or  eight  pinnuUe,  those  upon  one  side  alternating 
with  those  on  the  other.  Tlu;  two  anterior  arms  unite  a  short 
distance  above  the  large  rhomb,  whicth  is  situated  over  the  mouth 
(sec  figs,  a  and  ?i) ;  their  two  ambulacral  grooves  then  form  but  one, 
and  cross  the  npex  to  the  posrerior  side  (see  fig.  if),  where  thcy<livid'^ 
and  run  down  the  posterior  pjiir  of  arms.  In  crossing  tiie  sunmiii, 
the  groove  sends  out  a  branch  to  the  short  arm,  and,  throughout 
their  length,  small  branches  to  tiie  piimul.e. 

The  ambulacral  orifice  is  very  small,  and  situated  in  the  bottom 
of  the  .rroove,  ..  little  on  the  anterior  side  of  that  point  where  the 
groove  from  the  short  arm  enters  the  main  apical  furrow.  This 
aperture  is  usually  concealed  by  the  small  marginal  plates  of  the 
ambulacra  shewn  in  fig.  g.  Of  these  there  is  a  row  on  each  side  of 
the  groove,  and  when  the  top  of  the  fossil  is  so  perfect  as  to  exhibit 
them  well-preserved,  they  are  always  so  firmly  interlocked  that  they 
completely  close  the  furrow.  In  tiiis  state  they  no  doubt  formed  a 
securely  protected  covered  way  for  tiie  passage  of  the  anibulacral 
vessels  to  the  arms. 

The  minute  aperture  on  the  left  side  of  the  apex,  near  the  ambu- 
lacral orifice,  is  a  minuti!  pore  situated  in  liu;  centre  of  a  small 
rounded  tulx-rcle  (st-e  lig.  ^'■^. 

Tiie  ])iniiul;i,'  are  scarc<ily  one-third  of  a  line  in  diameter,  and 
about  haif-au-inch  in  length.     They  are  articulated  in  two  seri(!s. 
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Fig.  la. 


Fig.  16 
Fig.  d. 
Fig.  E. 
Fig.  F. 
Fig.  e. 
Fig.  ff. 
Fig.  i. 
Fig.  n. 
Fig.  L. 
Figs,  g 


The  plates  of  the  calyx  spread  out ;  the  dotteJ  lines  which  extend  from  the  top 

to  the  bottom  indicate  the  course  of  the  arms. 
Plates  of  tlio  genus  Echino-encrinitec  figured  here  for  comparison. 
Anterior  view  of  a  perfect  specimen  of  G.  muUipon'^. 
The  left  side  of  the  same  specimen. 
The  dorsal  or  posterior  side  of  another  specimen. 
The  right  side. 
Tiie  apex  enlarged. 
The  base. 

A  opecimen  with  the  column  attached,  anterior  view. 
One  of  the  rhombs  enlarged. 
Ic  k      Sections  shewing  the  depth  to  which  the  partitions  of  the  rhombs  entered. 


Locali'i'  and  Formation. —  Trenton  limestone,  City  of  Ottawa, 
Montreal  and  Beauport.  Only  fragments  have  been  found  at  the 
latter  two  places,  and  all  the  perfect  specimens,  about  sixty,  were 
collected  from  a  piece  of  shale  about  two  yards  square  and  one  or 
two  inches  in  thickness.  Theie  is  good  reason  to  believe  that  they 
lived  and  died  upon  this  spot.  The  shale  was  a  layer  between  two 
beds  of  limestone,  the  lower  of  which  was  partly  composed  of  the 
detached  plates  of  this  species.  Imbedded  in  its  surface  were  several 
perfect  specimens  among  the  fragments.  The  shale  which  covered 
it  was  full  of  individuals  with  their  columns  and  delicate  pinnulae 
attached.  It  is  quite  clear  that  they  could  not  have  been  at  all 
driftt;d  about  the  bottom  after  death,  otherwise  they  would  at  least 
have  lost  their  columns  and  pinnuUe.  It  is  more  pi'obable  that  tiiey 
formed  a  little  colony,  growing  on  this  spot  at  a  considerable  depth, 
and  in  clear  water,  and  that  the  shale  consists  of  a  deposit  showered 
down  upon  them  from  a  superlicial  current,  literally  bi  rying  them 
alive. 

Collector. — E.  Billings. 

VIII.  Gl/ptocystites  Logani,  Billings. 
Plate  IV.    Figs.  \a-h. 

(Gcoloc;ical  Stirvcij  of  Canada,  Report,  1850,  p.  282.) 

Dcscripfio/i. — Length  of  large;  specimens  one  inch  and  a-fourth  ; 
diameter  eight  lines;  cylindrical,  obscurely  five-sided,  abruptly  trun- 
cated at  the  summit;  base  slightly  rounded  ;  each  plate  ornamented 
with  from  three  to  seven  exceedingly  cilevated,  somewhat  thin,  sharp 
ridges,  which  radiate  from  the  centre  to  ihe  sides ;  spaces  between 
the  ridges  smooth,  or  very  minutely  striated  concentrically  ;  culycinal 
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ambulacral  grooves,  to  the  angles  of  the  truncated  apex,  bordered 
by  marginal  plates,  as  in  G.  mu/tlponis,  and  furnished  near  their 
extremities  each  with  several  smaller  free  arms,  or  stout  pinnulae, 
articulated  in  tvi^o  series;  there  are  about  twelve  or  fifteen  pectinated 
rhombs,  each  with  a  smooth  central  area,  which  is  not  elevated 
above  the  surface  of  the  pores,  but  is  quite  flat,  a  character  whicli 
separates  this  species  from  tl'      ext. 

Neither  the  mouth  nor  th  m'  ulacral  orifice  has  been  observed, 
owing  to  the  imperfection  of  the  specimens. 

The  column  is  short,  strongly  annulated,  and  tapering  to  a  point 
at  its  lower  extremity.  The  small  joints  are  pentagonal,  and  present 
a  very  remarkable  character  in  the  fact,  that  their  angles  form  five 
spiral  lines  round  the  column  throughout  its  length.  The  large 
joints  which  constitute  the  annulations  of  the  column  appear  to  be 
circular  ;  but  none  of  the  specimens  are  sufficiently  well-preserved 
to  shew  clearly  that  they  are  so. 

The  pinnuloe  are  furnished  on  their  ventral  sides  with  minute 
marginal  plates,  similar  to  those  of  Pfcurocijittltcs.  This  appears  to 
be  one  of  those  species  in  which  the  body  of  the  arm  was  never 
developed,  but  only  the  grooves  and  pinnulai'. 

The  detached  plates  of  thi*  nuignificent  species  can  be  readily 
distinguished  from  those  of  any  other  crinoid  or  cystideau  of  the 
Trenton  limestone  by  the  pt.'culiar  star-like  appearance  produced  by 
the  very  elevated,  sharp,  and  thin  radiating  ridges  with  which  ^heir 
surfaces  are  ornamented.  Although  a  number  of  the  bodies,  many 
of  them  with  the  colunui  attached,  have  been  collected,  yet  none  of 
them  shew  clearly  that  side  upon  which  the  mouth  is  situated. 
The  plates  are  more  regularly  alternating  than  in  G.  mulnporus. 
This  S[)eeies  cannot  be  idimt'it'iiid  \vhh  the  Echino-iiicriiiitcs  anfitiiia- 
form'is  figured  by  Professor  Hall  in  plate  xxix.  vol.  i.  Paheontology  of 
New  York.  IJy  referring  to  that  work  it  will  be  seen,  that  the 
triangular  spaces  upon  the  plates  between  the  large  radiating  ridges 
are  strongly  striated  at  right  angles  to  the  sides  of  the  plates  (see 
the  two  figures,  4r/  and  also  4,^-,  in  the  plate  cited).  In  our  species 
these  spiiees  are  quite  smooth,  or  only  marked  by  faint  lines,  which 
are  concentric,  and  therefore  run  in  a  direction  at  right  angles  to 
thut  of  tlie  stria;  of  the  New  York  specimens.  Professor  Hall's 
figures  do  not  exhibit  any  pecttiniitcnl  rhombs;  and  further,  by  figure 
46-  it  is  shewn  that  the  base  of  E.  luuithitijhrmix  is  composed  of  two 
pentagonal  and  two  (|uadningular  plati's ;  ours  has  three  pentagonal 
and  one  hexagonal  basal  plate. 
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Figs,  la  end  16  arc  dorsnl  views  of  two  specitneus. 

Figs.  Ic,  Id  and  le  are  enlarged  views  of  the  interiors  of  three  rliombiferous  plates, 

showing  that  tiie  pores  penetrate  througli,  and  tiiat  each  on  tlie  inside  is 

surrounded  by  an  exceedingly  thin  elevated  border. 
Fig.  1/.  A  portion  of  the  umbulacral  groove  of  the  apex,  and  one  of  the  pinnulaj 

enlarged. 
Fig.  \g.  A  fragment  with  two  of  the  pinnula\ 
Figs,  li  and  \j.  Fragments  of  columns ;  the  specimens  arc  crushed,  and  do  not  clearly 

shew  the  spiral  arrangement. 

Locality  and  Formation. — Trenton  limestone,  Island  of  IMontreal ; 
plates  ix.  an  e.xcellent  state  of  preservation  are  e.xtremely  abundant 
in  certain  localities  of  the  formation. 

Collectors. — Sir  W.  E.  Logan,  E.  Billings. 

I  beg  to  dedicate  this  species  to  the  discoverer. 
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VIII.  Glyptocystitks  Logani  var.  giiacilis,  Billings. 
Plate  IV.   Fig.  2. 

Description. — This  species  or  variety  differs  from  the  last  in  its 
greater  proportional  length  and  form  of  the  rhombs  and  column. 
There  is  a  dee[)  angular  furrow  around  the  margin  of  each  rliomV , 
and  the  central  space,  instead  of  being  quite  level,  is  much  elevated. 
In  the  only  specimen  collected  there  is  no  imperforated  area  in  the 
centre  of  the  rhumb,  as  in  G.  Logani  proper.  The  large  joints  of 
the  column  are  close  together,  whereas  iu  <)ie  other  form  they  are 
separated  by  an  interval  equal  to  or  greater  than  their  thickness. 
On  account  of  these  differences,  I  have  thought  it  proper  to  name 
this  form  as  a  variety  of  G.  Logani. 

Local  it  II  a  ml  Formation. — Trenton  limestone,  Montreal. 

Collector. — Sir  W.  E.  Logan. 

IX.  Glyptocystites  Fouhesi,  Billings. 
Plate  IV.   Fig.  3. 

(Geological  Survey  of  Canada,  Report,  185G,  p.  283.) 

Description. — The  body  of  this  s[)ecies,  jiulging  from  the  fragments 
in  the  collection,  is  about  two  inches  in  length  and  three-fourths  of 
an  inch  in  diameter.  The  character  of  its  surface  is  such,  that 
detached  plates  may  be  disiinguished  at  a  glance  from  those  of 
either  of  the  tw^o  preceding  species,  being  larger,  thicker,  and  more 
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profusely  ornamented  with  radiating  ridges  and  strl.T.  Although 
there  is  an  abundance  of  tlu;  comminuted  remains  in  the  Cliazy 
limestone,  yet  only  the  base  of  the  cup  of  one  specimen  has  been 
found.  Fortunately  it  is  sufficiently  well-preserved  to  shew  that  at 
least  a  great  proportion  of  the  numerous  plates  and  columns  with 
which  it  was  associated  belong  to  the  same  species.  The  specimen 
consists  of  four  joints  of  the  columns,  two  of  the  basal  plates  on  thr 
dorsal  side,  one  large  heptagonal  plate  of  the  second  series,  and 
portions  of  two  others,  one  on  each  side  of  this  latter.  The  follow- 
ing figure  shows  the  disposition  of  the  rhombs  at  the  base  of  the 
dorsal  side : — 


At  the  base  upon  the  dorsal  side  there  are  two  perfect  rhombs, 
one-half  of  each  of  which  is  on  the  central  basal  plate  ;  the  otlier  two 
halves  are  upon  the  two  plates  of  the  second  series,  which  rest  upon 
the  upper  sloping  sides  of  this  basal  plate.  These  two  rhombs- 
therefore  correspond  to  the  pair  occupying  the  same  position  in 
Echim-cncrinitcs  (nignlosus,  Volborth  (see  pi.  iii.  fig.  17>),  in  id  G.  mnl- 
tiporus,  pi.  iii.  fig.  la.  In  addition  however,  we  have  in  G.  Forhcsi 
two  half-rhombs  on  two  of  thi;  basal  plates  which  do  not  occur  in 
the  other  species ;  their  positions  are  shewn  in  the  above  wood-cut. 

The  plates  have  two  sets  of  surface  ridgeo  : — 

1.  From  four  to  six  large  ridges,  which  radiate  from  fhe  centre 
of  each  plate  to  the  centre  of  each  straight  side  of  the  plat(\  Tiiey 
are  in  general  strongly  elevated,  with  rounded  or  sharp  edges  and 
brctd  bases.  In  the  angular  spaces  formed  by  tht^  huge  ridges 
are  smaller  parallel  ones,  which  form  other  included  similar  aiigidar 
spaces  (see  plate  iii.  figs.  ^c.  and  3/y. 

2.  The  whole  surface  of  the  plates  is  also  covered  with  sharp 
concentric  striiP,  which  are,  on  some  of  the  plates,  stronger  between 
the  ridges  than  upon  them  (see  plate  iv.  figs.  3c  and  'y).  When  th(^ 
plates  an;  woni,  the  large  radiating  ridges  become  rounded,  and  the 
concM'utric  stri.e  are  wholly  obliterated. 

The  joints  of  the  column  attached  to  the  fnigment  ligurcd  appear 
to  be  obscurely  pentagonal;  but  in  the  same  rock  are  niimy  colunms 
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which  are  round,  and  with  the  large  joints  ornamented  with  little 
pits  or  coarse  stria;.  It  is  not  certain  that  these  round  columns 
bidong  to  tin;  same  species. 

Explanation  of  Fiourkh.    Plate  IV. 

Figs.  3n  and  3ft.  Two  view.s  of  llie  l)iiso  of  a  specimen. 

Figs.  3c  and  3d.  Imperfect  plntes,  to  .slicw  the  character  of  the  rhombs.  3d  has  the 
reinains  of  four  rhombs  ;  3e  is  the  basal  plato  of  the  right  side  ;  3/  the 
hexagonal  basal  plato  of  the  anterior  side;  3g  and  3/t  round  columns, 
with  the  edges  of  the  large  jiiints  pitted. 

Localky  and  Formation. — Chazy  limestone  at  Caughnawaga,  and 
on  the  Island  of  ^Montreal. 

Collectors. — Sir  W.  E.  Logan,  J.  Richardson,  E.  Billings. 

Gcnvs  CoMAROCY.STiTKS,  BilHngs. 

(Canadian  Journal,  vol.  ii.  p.  209;    Geological  Survey  of  Canada,  Report,  1850,  p.  288.) 

Generic  Characters. — Body,  ovate,  the  smaller  extremity  being  the 
base;  pelvis,  small,  of  three  plates,  above  which  are  from  eight  to 
eleven  irregular  rows  of  plates,  mostly  hexagonal ;  mouth,  near  the 
summit,  provided  with  a  valvular  apparatus;  arms,  free,  grooved, 
and  compo.sed  of  a  single  series  of  joints  bearing  pinnuUe  ;  ambula- 
cral  orifice  in  the  apex  between  the  arms ;  column,  round  and  smooth. 
The  plates  of  the  only  species  that  has  been  collected  present,  in 
some  conditions  of  preservation,  a  peculiar  vescicular  structure  of 
their  exterior  surfiices,  while  sometimes  they  are  solid  and  smooth. 
Generic  name,  comaron,  a  stmwberry. 
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X.   CoM\ROCYSTiTKs  PUNCTATUS,  BiUings. 
Plate  V. 

(Canadian  Journal,  vol.  ii.  p.  2T0;    Geological  Survey  of  Canada,  Report,  185G,  p.  288.) 

Description. — The  body  of  this  species  is  of  an  oval  or  pyriform 
shape,  and  in  large  specimens  about  one  inch  and  a-half  in  lengtb. 
It  is  protected  by  plates  which  have  a  deep  concavity,  occupying 
nearly  the  whole  of  the  area  of  each,  the  effect  of  which  is  to  cover 
the  surf^ice  of  the  fossil  with  large  rounded  pits,  an  aspect  that  serves 
to  distinguish  it  at  the  first  glance  from  any  other  known  in  the 
Lower  Silurian  rocks  of  Canada.  In  certain  states  of  preservation 
the  sutures  are  marked  by  minute  thickly-set  square  or  oblong  rough 
punctuations,  which  do  not  however  appear  to  penetrate  through  to 
the  interior.     In  some  specimens  there  is  only  one,  and  in  others 
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two  or  throfi  rows  of  these  pnnctun's  upon  oncli  sutiiro.  Tho  ginitor 
portion  of  tli(!  area  of  tlio  plate  i«  ninrkcd  with  (h'«'p  lis,s\ir«vlike  strijB 
at  right  aiigh's  to  the  siitiirc,  ;iml  with  thiii(>rnct  hiincll.i' or  partitions 
betwtcn  thcni.  Thcso  aro  sonictiuics  crossed  by  other  hiineilie 
paralK'l  with  tho  edges  of  the  phites,  the  eHect  of  whicli  is  to 
pro(hiee  a  peculiarly  roiiyh  surface.  Sometimes  none  of  these  are 
visible;,  and  the  surfaces  of  the  plates  are  then  uniformly  smooth  and 
solid.  Tlu'se  variations  are  the  results  both  of  weathering  and 
structure.  Portions  of  the  centres  of  tli(!  plates  of  the  two  specimens 
figured  (pi.  V.  ligs.  1  and  2)  have  the  (,'xteriial  surliice  smooth,  while 
the  margins  are  rough. 

The  mouth  is  large,  near  the  apex,  and  closed  by  a  pyramid  of 
nv(;  triangular  valves. 

The  ambulacra!  orifice  has  not  yet  been  distinctly  observed,  but 
there  can  be  little  doubt  of  its  existence.  The  arms  are  four  in 
number,  and  consist  of  an  anterior  pair  situated  directly  over  the 
mouth,  and  a  posterior  pair  placed  opposite,  on  the  posterior  side  of 
the  summit ;  a  deep  narrijw  groove  crosses  the  apex,  in  a  direction 
from  the  anterior  to  the  posterior  side;  from  one  end  it  sends  up 
two  branches  into  tlu;  anterior  i)air  of  arms,  and  from  the  other  end 
two  into  the  posterior  pair.  The  arrangement  of  the  ambulacral 
furrows  in  iWu  species  is  then  precisely  as  in  Gli/ptoci/stitcs  mull'qmms, 
and  no  doubt  an  orifice  will  yet  be  found  in  the  bottom  of  the 
groove,  upon  the  summit  between  the  two  pairs  of  arms.  The  arms 
consist  of  a  single  series  of  joints,  each  about  one  line  and  a-half  in 
length;  the  pinnuhe  are  ntiarly  cylindrical,  and  divided  by  joints  at 
lengths  of  about  half  a  line.  In  the  only  specimen  known  with  the 
arms  attached  (plate  v.  fig.  1)  one  side  of  the  arm  otdy  can  be  seen, 
the  other  being  imbedded  in  the  rock.  It  shews  that  upon  at  least 
the  side  exposed  there  is  one  pinnnla  to  each  joint,  but  whether 
there  is  a  row  on  the  other  side  of  the  groove  or  not  remains  to  be 
ascertained. 

The  column  is  round  and  smooth,  formed  of  very  thin  joints,  and 
does  not,  in  a  specimen  with  three  inches  preserved,  exhibit  any 
signs  of  tapering. 

Explanation  OF  PiauRKs.    Plate  V. 


Pig.  1.     Anterior  view  of  a  large  specimen,  with  one  arm  and  tiie  piunulnp  attached. 

o,  the  mouth ;    la,  a  plate  of  the  same  enlarged,  to  sliew  the  peculiar  stria- 

tion  ;    16,  the  valvular  apparatus  of  the  mouth  enlarged. 
Fig.  2.    View  of  the  left  side  of  another  specimen  ;   2a,  a  plate  of  same  enlarged ; 

26,  outline  of  the  summit,  shewing  the  positions  of  tho  bases  of  the  arms, 

and  the  ambulacral  groove  between  them. 
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Lora/lfif  and  Formation. — Trenton  liincistoiic,  City  of  C)tta\va. 
Fragments  are  not  very  uncotmnon,  l)\it  perfect  speciineiiH  exceed- 
ingly rare. 

Collrrtors. — E.  Hillings,  J.  KichiinlHon,  and  others.  The  s[)e('iinen 
lig.  2  was  found  by  (-aptain  W.  S.  Iluntcsr  of  Ottawa,  and  (ig.  I  by 
E.  liillhigs. 

Genus  AMVdnALoc'YSTiTES,  Billings. 

(Canadian  Journal ,  vol.  ii.  ]>.  '^70,  lH5t;    Geot.  Survey  of  Canada,  Report,  IS^G,  i'.  288.) 

(iciirric  ('/i(imcfris. — Body,  ovate;  pelvis  of  three  phitrs,  above 
which  are  eight  or  more  irregular  rows  of  plates;  the  mouth  is 
near  the  sunmiit,  closed  by  a  valvular  apparatus ;  arms,  large, 
recumbent,  composed  of  a.  doubh;  series  of  joints  bearing  a  single 
row  of  pinmda-;  ambulacra!  orilici^  situated  in  the  apex;  ambulacra] 
groove  not  in  tlu^  centre  of  tlu;  upper  s\nlai  "  of  the  arm,  but  on  one 
side ;  cohmm  round;  the  plates  are  soUd,  or  not  porilurous.  Generic 
name  from  amn^dalc,  an  almond. 

Conmronjstitcx  ditfers  from  this  genus  by  tlio  possession  of  free  arms 
and  the  porous  character  of  its  plates. 


XI.  Amyodalocystitks  klouealis,  Billings. 
Plate  VI.    Fig.  lo-lc. 

(Canadian  Journal,  vol.  ii.  p.  270,  1854;   Gcol.  Survey  of  Canada,  Report,  185G,  p.  289.) 

Dcxaiiilion. — Body  ovate,  rounded  at  the  apex,  tapering  towards 
the  base,  about  one  inch  and  a-half  in  lengtii.  Each  of  the  plates  of 
this  species  has  a  low  rounded  tubercle  in  the  centre,  from  which 
ridges  radiate  to  th(!  angles;  these  ridges  are  scarcely  elevated  above 
the  surface  where  they  leave  tin'  border  of  the  tubercle  in  the  centre, 
but  increase  in  width  and  bright  as  they  depart  from  it ;  they  are 
sharp-edged,  and  attain  their  i:  oatest  height  at  the  angles  of  the 
plates.  The  arm  crosses  the;  summit,  and  extends  nearly  down 
to  the  base  upon  one  side,  and  only  two  or  three  lines  from  the 
apex  on  the  otlier  ;  it  is  composed  of  a  series  of  large  joints, 
which  are  about  one  line  in  height  and  scarcely  so  much  in  width, 
and  a  second  series  of  smaller  piec(!s  about  one-half  the  heigbt  which 
are  placed  at  the  bottom  of  the.  larger,  upon  one  side.  The  arm 
;hus  composed  forms  a  projecting  ridge  up  the  posterior  side  of  the 
body  across  the  apex,  and  a  short  distance  down  the  anterior  side. 
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Each  ono  of  tho  largo  joints  bciirs  a  piiimiln,  mid  the  nrnhuhicral 
groove  is  situaterl  not  on  the  to[>  of  tii<!  arm,  hnt  on  one  side. 
On  the  posterior  side  ol'  the  fossil  tlu^  groove  is  on  tlie  left  siiK;  of 
the  urni.  On  the  apex  there  api)earH  to  bo  on  interruption,  as  if 
ono  of  tho  joints  were  absent ;  tho  anibuhieral  orifice  is  no  doubt 
situated  at  this  point,  but  it  lias  not  been  clearly  made  out  in  any 
of  the  specimens  yot  [)rociire<l.  From  this  supposed  position  of  tho 
anibulacral  oi.lice  proceeding  forward  IIk;  groove  is  on  the  right 
side  of  the  arm,  tho  mouth  being  on  the  left,  us  shewn  in  plate  vi. 
fig.  la,  ut  /«. 

The  column  is  round,  smooth,  and  composed  of  thin  joints. 

In  this  iiiti  resting  form  we  have  an  example  of  a  Cystidean  with 
a  body  composed  of  an  indt'linite  number  of  plates,  iik(!  the  Sii/ucro- 
nltcn,  and  with  the  arms  arranged  exactly  us  they  are  in  PscndocnnUcs, 
a  genus  characterised  by  a  lew  plates  which  aro  definite  in  number. 

Explanation  ok  Kkures.     Plate  VI. 

Pig.  Irt.  The  left  side  of  a  spfcinR'ti  ;  w,  the  mouth.  Fig.  l/>.  Itight  side  of  the  same. 
Ir,  poiiterior  ;  ivnd  !(/,  iiiitcrior  viiws.  The  groove  is  not  cleiirly  shown  in 
tiiis  s|ii'fliiic'n.      \e   one  of  \\w  |iliit;'rf  enlarged. 

Locu/ili)  (I ltd  Fitniinl'mn. — Trenton  limestone,  City  of  Ottawa. 
Collector. — E.  Jiiliings. 


Xll.    AmYGDALOCYSTITK.S    TEXll.STUIATUS,    BilHllgS. 

Plate  VI.    Figs.  '2n-2j: 
(Canadian  Journal,  vol.  ii.  p.  271,  18,'j4;   Geol.  Suri'ey  of  Canada,  Report,  lfi5t',,  p.  289.) 

Dcscrijifion. — Body  elongate,  ovate;  plates  smooth  in  the  centre; 
a  low  rounded  ridge  proceeds  Irom  the  smooth  .^pact;  in  tli(!  centre 
of  each  plate  to  each  of  tin?  angles,  where;  it,  meets  the  similar 
ridges  which  radiate  from  the  centres  of  the  adjoining  plates  ; 
between  these  ridges  the  triangular  spaces  are  liiiely  but  very 
distinctly  striatecl  at  right  angles  to  the  sutures.  The  mouth  is 
close  to  the  arm  on  the  left  side,  near  the  summit. 

Tlu!  specimen  re[)resentt'd  by  ligs.  2(i  and  '2b  is  tin;  oik;  upon 
which  I  drew  up  the  original  descri[>tion  publisht-d  in  the;  Canadian 
Journal  in  1854.  It  slu;ws  only  fragments  of  the  arm.  and  the 
surface  of  the  plates  is  so  different  from  that  of  A.Jlurcali.i,  that  I 
£hen  had  no  doubt  of  the  distinctness  of  the  two  species.  Last 
summer,  however,  I  found  at  B(!lleviile,  Canada  West,  the  other 
specimen,  fig.  2c,  which  has  nmch  the  form  of  A.  Jlorcalis,  and  the 
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iinn  nlinnst  pivcisoly  tlio  simu»,  hut  the  phites  are  Rtriatcd  like  those 
of  A.  tcnnhtriatm.  It  sreiris  to  coiiiuHrt  the  two  sfiecics,  but  until 
yootl  ch'iir  specimens  can  be  examined,  it  would  be  the  better  phiri 
to  retain  the  two  nanu'S. 

Explanation  of  FiornRS.    Plnte  VI. 

Flgg.  2a,  26.  Riglit  and  left  side  of  tlio  Uttuwii  Bpccimcn  ;  m,  the  mmilli.  2r.  I,i'ft  side 
of  specimen  from  llelleville,  shewing  ii  [lurtion  of  the  arm.  2e.  Tiie  arm  en- 
larged, shewing  the  nnil)iiliicriil  groove.  If.  View  of  the  top  of  the  arm, 
sliewing  the  arliciiliiting  cavities  of  tlie  |iinniii;i',  and  ttie  brandies  of  tlie 
amliiilacral  grooves  leading  to  them.  'Id.  A  plate  enlarged,  shewing  the 
striiu. 

Loaditij  and  Formation. — Trenton  limestone:  one  specimen  from 
the  city  of  Ottawa  and  one  from  Belleville.  The  species  appears  to 
be  excessively  rare. 

Collector. — E.  IJillings. 
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XIII.   A.MYOUALOCV.STITKS    KADIATUS,    IJillingS. 

Plate  VI.  Figs.  3a,  36. 

(t\imiili(in  Journal,  vol.  ii.  p.  271,  18,>l ;  Gcol.  Survey  of  Ciiiuula,  Report,  185G,  p.  289.) 

Ihscrlptlon. — I)(»(ly  ovate;  plates  somewhat  convex,  and  orna- 
mented with  strong  ridges  which  radiate  tVoiu  tin;  centres  to  the 
angles;  month  and)nlacral  orifice  and  arms,  uidiiiown ;  (H)lumn 
round  smooth  composed  of  thin  joints. 

The  spaces  between  the  large  radiating  ridges  are  flat  and  covered 
with  small  tubercles,  whicdi  di.sajtjtear  when  the  plates  are  a  little 
worn. 

Of  this  fine  and  very  distinct  species,  enough  has  no.  ,  t  been 
found  to  shew  conclusively  that  it  belongs  to  the  present  gohits.  The 
plates  however  arc  solid,  or  not  poriferous,  and  the  shape  of  the 
body  and  column  is  so  much  fme  the  other  specie's,  in  general 
aspect,  that  I  have  referred  it  to  this  genus  for  the  present. 

Explanation  of  Fiourbs.    Plate  VI. 

Fig.  3(1.  A  specimen  criislied  flat.  ,36.  One  of  the  plates  enlarged.  The  specimen  is 
worn,  and  docs  not  shew  the  granular  surface  of  the  spaces  between  the 
radiating  ridges. 

Localitij  and  Formation. — Trenton  limestone,  City  of  Ottawa. 
Collector. — E.  Billiuirs. 
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Genvs  ]Mai-ocy8titks,  liilliiigs. 
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Generic  Charactirs. — ]»o(ly  ovato  or  globular,  composed  of  an 
indelin.te  number  of  plates,  usual!}'  about  forty  or  til\v ;  mouth, 
almost  apical;  ambulacral  orilice  on  one  side,  but  iri  the  upjier  half 
of  the  body;  arms  recumbent,  in  some  species  numerous;  plates 
thick  solid,  not  poriferous ;  column  unknown.  Generic  name  from 
malum,  an  apple. 

This  genus  is  composed  of  some  species  of  Cystideans  lately 
discovered  in  the  Chazy  liuiestone.  They  are  usually  globular,  and 
covered  witii  smooth  plates,  and  in  general  form  and  aspect  much 
ve^amhXG  t\\Q  EchinoHplueri ten  of  Scandinavia  and  Russia,  from  all  of 
which  how^ever  they  differ  in  the  absence  of  pores  in  their  plates. 

The  genus  Cii/ptocrinitcs  (Von  lluch)  is  related  to  Mahicijslltcs  so 
far  as  regards  the  absence  of  pori!S  or  pectinated  rhombs,  but  dilfer'ii 
in  having  the  ambulacral  orifice  in  the  apex,  the  mouth  being  in  the 
side,  and  appears  to  be  comj-.osed  of  a  definite  number  of  plates,  there 
being  three  in  the  basal  series,  five  in  the  second  series,  and  alter- 
nating with  these,  live  others  in  the  second  series. 

Malocijstitcs  dillers  from  Aiinjirdafocijstitrs  in  b(!ing  composed  of  a 
lesser  number  of  plates,  and  in  having  the  ambulacral  orifice  in  the 
side,  and  the  mouth  nearly  in  the  ci^utre  of  the  apex.  The  arms 
appear  also  not  to  be  alike  in  the  two  genera,  although  none  of 
the  specimens  are  sulUciently  well-preserved  to  shew  the  structure 
very  distinctly. 
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XIV.  Malocvstitks  Miirchisoni,  Billings. 
Plate  VII.  Figs.  h,—li. 

Dcscripfloit. — Body  globular,  or  slightly  ovatt; ;  plates  varying 
from  plane  to  convex,  (Covered  with  small  granular  tubercles;  arms 
usually  eight,  forming  two  fiiscicles  of  tour  in  each,  connected  by  a 
short  groove,  in  the  bottom  of  which  is  the  ambulacral  orifnie  ; 
th(!y  are  long,  and  wind  ;*.  )und  the  body  oblir|uely  descending  from 
the  orifice  nearly  to  the  base;  mouth  nearly  circular,  without  valves. 
In  a  specimen  eleven  lines  long  and  ten  lines  in  greatest  breadth 
the  ambulacral  orifice  is  half  a  line  broad,  and  the  mouth  one  line 
and  a  half.  The  area  of  the  mouth  is  therefore  about  nine  times 
greater  than  that  of  the  ambulacral  orifice. 


CANADIAN  FOSSILS. 


67 


This  species  presents  some  variations  in  form  iind  size.  The 
greater  number  ol'the  specimens  are  nearly  globuhir,  and  about  one 
inch  in  diameter.  Fig.  Ic,  plate  vii.  represents  an  individual  that  is 
ovate,  the  length  being  fifteen  lines  and  the  breadth  twelve  lines. 
Fragments  have  been  observed  which  must  have  belonged  to  speci- 
mens two  inches  in  diameter.  Tiie  plates  are  also  sometimes 
exceedingly  convex,  the  sutures  being  depressed.  In  specimens 
with  smooth  surfaces,  or  with  the  plates  not  convex,  it  is  almost 
impossible  to  distinguish  the  sutures. 

Dedicated  to  Sir  Roderick  I.  Murchison,  F  R.S.,  G.S.,  &c.  &c. 
Director-General  of  the  Geological  Survey  of  the  United  Kingdom 
of  Great  Britain  and  Ireland  ;  author  of  "Tlie  Silurian  System,"  etc. 

Exi'LAKATiox  OF  FiouHEH.     Plate  VII. 

Fig.  la.  Right  side  of  n  spucimcn,  shewing  the  ambulacral  orifice  and  the  eight  arms. 
1/).  The  left  side,  shewing  tiic  position  of  tlie  mouth,  m.  Ic.  Vertical  view 
of  tlie  ambulacral  orilice.  hi,  le  Left  sides  of  two  other  specimens. 
If.  Apex  of  Ic  III.  Hase  of  hi,  shewing  the  three  basal  plates,  li.  Portion 
of  upper  surface  of  an  arm  magnified. 

LocdUtij  and  Fonimlion.  —  Chazy  limestone,  Caughnawaga  and 
Island  of  Montreal.  Fragments  are  exceedingly  abundant;  good 
specimens  rather  unconmion. 

Collector. — E.  Billings. 


XV.  MALOcvsTifEs  Bakrandi,  Billings. 

Plate  VII.  Figs.  2«— 2f. 

Description. — In  this  species  the  body  is  nearly  globular,  and  the 
plates  smooth,  or  very  minutely  granulated  with  small  tubercles. 
The  mouth  is  five-sided,  and  situated  almost  exactly  in  the  centre  of 
the  apex  or  diametrically  opposite  the  point  of  the  attachment  of  the 
colunm.  The  arms  are  two  in  number,  and  very  short,  each  being 
not  more  than  three  or  four  lines  in  length.  They  are  so  disposed 
as  to  form  two  half-circles,  with  the  inner  curves  facing  in  opposite 
directions.  They  are  connected  by  the  usual  ambulacral  groove,  in 
the  bottom  of  which  is  the  orifice.  Thert;  are  eight  joints  in  the 
arm  preserved  in  the  specimen  tig.  '21),  pi.  vii.  which  is  the  posterior 
arm,  or  that  most  distant  from  the  mouth.  The  specimen  repre- 
sent(!(l  by  iig.  2c  has  the  anterior  arm  preserved,  and  it  shews  only 
four  joints. 
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If  a  section  be  made  passing  through  the  ambulacral  orifice,  the 
mouth  and  base  of  a  specimen  of  this  species,  it  will  exhibit  the 


following  arrangement  of  the  orifices ; 


'/  s 


In  the  above  fig.  1,  ?«  is  the  place  of  the  mouth,  aa  the  anterior 
arm,  o  the  ambulacral  orifice,  pa  the  posterior  arm,  c  the  column, 
as  the  anterior,  and  j)s  the  posterior  side.  Fig.  2  is  a  diagram  of  a 
specimen  seen  in  the  direction  of  the  line  ob  of  figure  1,  shewing 
the  arrangement  of  the  arms  in  two  half-circles,  one  of  which  is 
between  the  mouth  and  the  ambulacral  orifice,  the  other  being  on  the 
opposite  side. 

The  mouth  of  this  species  being  five-sided,  was  probably  provided 
with  valves.  It  is  one  line  in  dianu^ter,  and  is  then^fore  more  than 
four  times  the  area  of  the  ambulacral  orifice,  which  has  a  length 
of  less  than  half  a  line. 

Some  small  specimens  in  the  collection  shew  that  when  young  this 
species  was  of  an  oval  or  pyriform  shape. 

Dedicated  to  M.  J.  Barrande  of  Prague,  Bohemia,  author  of 
"  Systeme  Silurien  du  centre  de  la  Boheme,"  &c.  &c. 

Explanation  op  Fiqukks.    Plate  VII. 

Pig.  2a.  View  of  the  left  side  of  a  specimen  ;  a,  the  arm.  26.  Posterior  view  of  the  same. 
2c.  Anterior  view  of  another  specimen.  2(1.  The  arm  of  2a  magnified, 
shewing  the  short  branches  of  the  ambulacral  furrow  to  the  bases  of  the 
pinnulaj. 

Locality  and  Formation.  —  Chazy  limestone,  near  the  city  of 
Montreal. 

Collectors. — E.  Billings  and  J.  McMuUen. 


GemtS  PALiEOCYSTITES,  BilUngs. 

Generic  Characters. — The  body  is  oval  or  pyriform,  composed  of 
numerous  plates,  which  are  poriferous;    the  pores  penetrate  the 
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margins  of  the  plates  and  extend  towards  the  centre,  but  do  not 
open  out  on  the  exterior  surfjice.  On  the  interior  surface  they  open 
between  the  edges  of"  the  pUites.  Column,  arms  and  orifices  unknown. 
Generic  name  from  pa/(iio.s,  ancient. 

The  most  abundant  species  of  this  genus  appears  to  be  identical 
with  that  fossil  of  the  Chazy  limestone  to  which  Professor  Hall  has 
given  the  name  of  Acfinocri/ms  icmiimdiatus.  (See  Palaiontology  of 
New  York,  vol.  i,  p.  18,  plate  iv.  figs.  8  and  9.)  I  have  ascertained 
however  that  it  is  a  Cystidoan.  No  perfect  specimens  have  been 
found,  but  several  fragments,  which  1  have  collected,  consisting  each 
of  about  one-third  of  the  body,  shew  that  it  is  a  genus  allied  to 
Cumarocijstlhs,  Sp/uEranilcs  and  others  of  the  many-plated  group. 

This  genus  appears  to  be  closely  related  to  Amijgdulocijstkes. 

XVI.  Pal^ocystitks  tknuiradiatus.  Hall  sp. 

{Actinocrinus  tenuiradiatus,  Hall.     Pal.  N.  Y.,  vol.  1,  p.  18,  pi.  iv,  figs.  8  and  9.) 

1     ^W 


2. 

mssma 

Fig.  1.     View  of  exterior  of  several  plates  of  P.  tenuiradiatus. 
Fig,  2.     Edge  of  a  plate,  shewing  tiie  entrances  of  the  [)ores. 
Fig.  3.     Inside  of  several  plates,  shewing  the  opening  of  the 
pores  in  the  suture. 

Prscripdon. — Large  specimens  are  two  inches  or  more  in  length 
and  pyriform  in  shnpe,  the  upper  part  of  the  body  being  the  largest. 
The  plates  are  depressed  conical,  and  when  a  little  worn  are  all 
covered  with  deep  fissure-like  stri.o,  which  are  at  right  angles  to 
the  eilges.  These  striiu  cross  from  one  plate  to  the  next  contiguous, 
so  that  one  half  is  upon  one  plate  and  tlie  other  half  upon  another. 
At  the  suture  in  the  bottom  of  each  of  those  fissures  is  a  small 
apt>rture  that  penetrates  through,  being  partly  excavated  in  the 
margins  of  each  of  the  plates  respectively.  The  effect  of  this  mode 
of  striation  is  to  cover  tlu^  whole,  surface  of  the  fossil  with  small 
rhomboidal  areas,  each  of  which  occupies  portions  of  two  plates. 
Th(M'(!  are  as  many  half-areas  on  each  plate  as  the  plate  has  sides. 
When  the  surface  has  not  been  worn  the  interesting  fact  maybe  clearly 
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seen,  that  all  the  striae  are  covered  by  a  thin  external  layer,  wliich 
dosed  them  completely  over,  so  that  there  were  no  pore-mouths  on 
the  exterior.  It  therefore  follows,  that  what  appears  to  be  ordinary 
striiP  are  in  fact  the  chiinnels  of  a  peculiar  set  of  pores  which  run 
beneath  the  surfaces  of  the  plato,  and  communicate  with  the  interior 
throuirh  orifu-es  in  the  suture.  Hence  in  a  verfect  plate,  the  margin 
on  the  inside  is  deeply  notched,  each  notch  being  one-half  of  a  pore- 
mouth.  On  the  outside  it  is  not  notched  J'iie  pores  do  not  open 
any  where  upon  the  surface  of  the  plate,  neither  do  they  communicate 
with  each  other.  When  the  plates  are  perfect,  the  surface  is  still 
striated ;  but  the  stri;c  correspond  to,  and  are  situated  over,  the 
partitions  between  the  channels  of  the  pores  which  constitute  the 
strict  of  the  worn  plates.  The  number  of  pores  in  the  sutures  depends 
upon  the  size  of  the  plates.  In  a  plate,  with  sides  two  lines  in 
length,  there  are  nine  pores. 

Geological  rosition  and  Localitij. — D(!tache(l  plates,  common  in  the 
Clliazy  limestone  at  Caughnawaga  and  on  the  Island  of  Montreal. 
They  also  occur  in  the  same  formation  near  Hawkesbury,  and  at 
(^hazy,  in  the  State  of  New  York. 

CoJIcrton. — Sir  W.  E.  Logan,  J.  Richardson,  E.  Billings,  R.  Bell, 
and  J.  ]\[c]\Iullen. 


XVII.  PaL/Eocystites  Dawsom,  Billings. 

Dr.icriji/ioii. — Of  this  species  I  have  ccllected  several  fragments  of 
the  body,  two  of  wliich  are  especially  interestiuir,  as  they  exhibit 
the  exterior  of  sonu;  of  the  plates,  and  tl  us  aflbrd  the  means  of 
shewing  that  they  are  generically  related  to  tin;  last  species.  The 
body  is  elongated  pyriform,  or  rather  fusiform,  the  lower  part  being 
the  smaller  extremity.  Tlie  apex  appears  to  be  rounded.  The 
plates  an^  ornanunted  with  strongly  elevated  rounded  ridges,  the 
number  of  wliich  corresponds  to  the  number  of  the  sides  ;  those  with 
five  sides  having  five  ridges,  and  those  with  six  or  seven  sides,  six  or 
seven  ridges.  Each  ridge  is  contiimed  from  the  centre  of  one  plate 
straitilit  across  the  suture  to  the  C(Mitre  of  the  n<'xt.  There  are  no 
pore-mouths  on  the  outsidt.' ;  but  on  the  inside  there  is  one  for  each 
ridge,  situated  on  tlu!  suture,  exactly  as  in  the  last  species.  The 
pores  in  this  species  do  not  penetrate  so  far  towards  the  centre  as  in 
the  last. 

The  largest  specimen  colh  fted,  is  a  fragment  of  the  lower  half, 
and  indicates  that  the  h^ngth  of  the  body  was  about  one  inch,  its 
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groatost  diaiTioter  being  half-an-inch.  Another  specimen,  nearly 
perfect,  was  about  hall-an-inch  in  length,  and  one-fourth  in  breadth  ; 
it  was  uiifbrtuniiti'ly  destroyed  in  gcjttirig  it  out  of  the  rock.  A 
fragment  of  the;  top  however  was  preserved,  and  although  half  im- 
bedded in  the  matrix,  shews  clearly  enough  that  it  has  a  rounded 
summit. 

Dedicated  to  Dr.  J.  W.  Dawson,  LL.D.,  author  of  "Acadian 
Geology,"  &c.  &c.  Principal  of  the  University  of  McGill  College, 
Montreal. 

(icolinrical  Fosi/ion  mid  Loralihj. — Chazy  limestone,  near  the  first 
mile-post,  St.  Lawrence  Street,  Montret'  . 

CoUecior. — E.  Iiillin<rs. 
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XVIIL  PAL,T!:ocYSTrn:s  Chai'mani,  Billings. 

Description. — The  few  plates  of  this  species  thatbave  been  collected 
exhibit  the  peculiar  character  of  the  genus  in  a  most  interesting 
and  satisfactory  manner.  Without  being  acquainted  with  the 
structure  of  the  plates,  the  observer  would  almost  unhesitatingly 
refer  them  to  two  very  distinct  speci(>s,  so  great  is  the  change  in 
their  appearance  produced  by  the  wearing  away  of  the  external 
surface.  The  perfect  plates  resemble  those  of  P.  Dawsoiii,  inasmuch 
as  the  number  of  radiating  ridges  is  the  same  as  the  number  of  sides. 
The  ridges  are  however  of  a  different  form.  In  P.  Dawsani  they 
are  narrow  at  the  base,  .'nid  the  space  between  them  is  flat;  but  in 
P.  Cli(tjimiuii  they  are  broaii  at  tlu;  base,  or  roof-shaped,  the  base 
of  f'ach  spreading  out  to  a  breadth  equal  to  the  leiigth  of  that  side 
of  the  plate  to  which  it  extends.  A  perfect  plate  of  this  species, 
for  instance  one  of  six  sides,  may  therefore  be  described  as  presenting 
six  furrows  radiating  from  the  centre  to  the  six  anyles,  these 
furrov.s  uraduallv  increasing  in  depth  and  width  as  thev  recede  from 
the  centre  of  the  plate.  Or  it  nuiy  be  characterised  as  exhibiting 
six  roof-shaped  ridges  radiating  from  the  centre  to  the  sides,  and 
increasing  in  height  and  width  at  the  base  as  they  approach  the  side. 

When  howev«'r  the  external  surface  is  worn  away,  the  plates 
assume  a  very  diilerent  iqipearance.  fhey  then  become  covered 
with  deep  lissure-like  stria-,  like  those*  oi'  P.  trmtintdiiilus,  to  \v\nc\\ 
they  beiir  so  close  a  resemblance,  that  to  the  uiiprnctised  eye,  they 
^  )pear  to  be  the  same.  Tiiey  (wn  ill  ways  however  be  distinguished 
by  this  character.  The  ridges  or  partitions  between  the  fissures, 
which  terminate  at  the  centres  of  tip-  sides  of  the  plates,  are  the 
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highest,  those  at  the  angles  bcnng  the  lowest ;  but  in  P.  tcnuiradialvx 
it  is  the  very  reverse  :  the;  angles  of  the  piate  are  more  elevated  than 
the  eeiitres  of  the  sides. 

I  dedicate  this  siH'cies  to  E.  C.  Chapman,  Esq.,  Professor  of 
geology  and  mineralogy,  in  University  College,  Toronto. 

LucaUhj  find  Formation,. — Lot  20,  From  Concession  of  Clarence, 
Ch  i/y. 

Collector. — J.  Richardson. 
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XIX.  Atelkocystites  Hi  kleyi,  Rilling?». 

Dcscriptini. — The  extraordinary  little  fossil,  for  which  the  iibovf 
name  is  propuwd,  is  no  doubt  a  (^ysti'lcan  ;  but  ui  a  group  somewhai; 
widely  sejiuiirtod  Ironi  the  ordinary  types.  Thci'e  are  several  Npeci- 
mens  in  the  collection,  b'l!  they  all  are  half  imlx'dded  in  stone,  and 
with  one  exception  exhibit  jiily  tbr  dorsal  side.  Tin;  form  is  sub- 
tpuidrate,  rounded  at  the  ape\  :!|m1  nearly  straight  at  the  base.  The 
dorsal  side  appears  to  have  b('(;.'i  '.iitc!  fla».  when  perfect,  as  the  plates 
which  consiitute  the  eilgfs  ai)'-  bent  torward  towards  the  ventral 
aspect  at  more  than  a  right  angle,  so  that  the  sides  instead  of  being 
ruunded  presented  a  rather  sharp  edge.  The  ventral  side  was  pro- 
bai)ly  conv'ex. 

TIk'  plates  of  the  doi-^al  side  are  arranged  in  four  series.  The 
basal  scries  consists  of  li.ur  oblong  plates,  each  of  which  is  about 
twice  as  iiigh  as  wide.  These  four  constitute  rather  less  than  the 
lower  half  (if  fhe  body. 

In  the  secoiid  series  there  are  three  plates,  the  central  one  being 
broader  than  either  of  the  other  two  ;  it  rests  upon  the  upper  edges 
of  the  two  plates  which  form  the  central  pair  of  the  basal  series,  and 
is  about  *  ipial  to  them  in  width.  The  right  side  of  this  [)late  is 
longer  than  tlu^  left,  owing  to  the  truncation  of  the  upiK-r  leit  hand 
angle.  These  three  sides  occupy  a  littlj  more  than  one-foUrth  of  the 
U'Mgth  of  the  dorsi'.l  side. 

The  third  series  consists  of  an  irregular  row  of  four  or  five  small 
plates.  There  are  two  at  the  sides,  and  ii[)pareiitly  three  others 
resting  on  the  large  central  plate  of  the  second  series.  Of  these 
however  only  two  are  distinctly  visible,  one  in  the  centre  and  the 
other  on  the  left  sloping  upper  side  of  the  plate  below. 

The  fourth  series  is  composed  of  a  row  of  three  or  four  small  plates, 
tormiiig  the  margin  of  the  cup  on  the  dorsal  side.  Above  these  and 
indx'ddcd  in  th(.'  matrix  are  several  small  points  which  are  sugg(!stive 
of  the  uiarginal  ambulacral  ossicula  of  the  ordinary  Cystideu). 
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One  speciMicn  sliews  a  portion  of  tho  ventral  side,  consisting  of 
numerous  small  plates,  thus  resembling  the  genus  rimroajstita. 

Th(!  two  large  side-plates  at  the  base  are  obscurely  striated  trans- 
versely. The  body  is  one-third  longer  than  wide.  The  plates  are  thin. 
I'he  length  of  the  largest  specimen  a  little  more  than  hall-an-inch  ; 
width  about  four  lines.  All  the  characters  that  can  be  collected  from 
the  specimens  are  comprised  in  the  above  description.  They  are 
aurhcientto  shew  that  this  is  a  distinct  genus,  i.nd  I  propose  for  it  the 
name  oi'yl/clroci/sfi/cs  from  the  Cir(^ek «/(/-.,■,  "  defective  or  incomplete." 

Professor  Hall  has  kindly  fiirnislK^l  me  with  some  of  the  printed 
allots  of  his  forthcoming  Vol.  3  of  "^he  PaUeontology  of  New  York, 
in  which  he  has  described  a  new  genus  Arwinahajsthcs,  from  the 
Lower  Helderberg  series.  Tlie  materials  in  my  possession  are  not 
sufficient  to  enable  me  to  refer  the  above  to  the  New  York  genus. 

The  genera  of  Cystideaj  have  not  usually  .<o  great  a  vertical  range 
as  that  botween  the  base  of  the  Trenton  and  the  top  of  the  Upper 
Silurian.  Should  it  be  ascertained  hereafter  that  the  two  genera  are 
identical,  this  species  must  be  referred  to  Anomalocijstitns,  which  has 
tho  precedence. 

Another  fonn  belonging  to  this  group  has  been  discovered  in  the 
Upper  Silurian  in  England. 
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Fig.  4. 
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The  above  wood-cut,  fig.  4,  represents  the  structure  of  the  dorsal 
side  as  nearly  as  can  be  made  out  from  the  specimens  in  the  collec- 
tion. 

The  spcM'ies  is  dedicated  to  T.  A.  Tlu.xley,  Esq.,  F.R.S.,  of  the 
Geological  Survey  of  the  United  Kingdom. 

Loaili/ijantl.  Formation. — Trenton  limestone,  farm  of  Mrs.  Brigham, 
Township  of  Hull,  near  Ottawa. 

Collcc/nr. — E.  Billings. 


In  addition  to  the  nineteen  species  of  Cystideans  described  in  the 
foregoing  pages,  there  are  fragments  of  two  others,  which  are  too 
imperfect  to  indicate  the  genus ;  but  still  sutHciently  well  preserved 
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to  :ihe\v  that  they  do  not  belong'  to  any  known  species.  One  of 
them  appears  to  be  a  (r/i/pMn/sfitr-i,  iind  the  other  will  I  think  yet 
turn  out  to  be  a  small  Cystidoan  of  a  new  genus,  with  a  nearly 
globular  body,  and  three  or  four  pectinated  rhombs.  I  have  seen 
them  only  in  the  Trenton  limestone  at  Ottawa. 


On  the  A^TEU\\T)M  of  (he  Lower  Silurian  Rocks  of  Canada.     By  E. 
Killings,  Esq.,  F.  G.  S. 

The  followiiii?  species  of  Star-fishes  were  described  in  the  Report 
o{  the  Geological  Survey  published  in  1857,  page  290  ct  seq.,  with 
the  following  introduction  : — 

"  The  species  of  Star-fishes  in  tlie  collection  aj)pear  to  bo  rcferrable  to  the  genera  pro- 
posed by  Mr.  Salter  at  the  meeting  of  the  Hi-itirfh  Association,  in  August  last.  I  have 
seen  no  other  descri|ition  of  these  genera  than  that  given  in  Silliman'a  Journal  of 
November,  185G,  which  is  as  follows  : 

"  PAL/KASTEn. — Without  disc,  avenues  deep. 
"  Pai-.^asterlva. — Pentagonal,  disc  mode-  .to. 
"  PaL/KOCOma. — No  disc,  avenues  very  8h..ilow. 
"  It  is  probable  that  our  species,  when  opportunity  can  be  had  for  a  direct  compa- 
rison with  British  specimens,  will  be  found  congeneric." 

Since  then  ]\Ir.  Salter  has  published  full  details  of  the  above  and 
some  other  genera,*  and  I  have  also  examined  some  of  the  species 
described  by  him  and  Prof.  Forbes. 


a.  I 


'  On  some  New  Pala?o7.oic  Star-fishes.     By  J.  W.  Salter,  Esq.,  F.  G.  S.     Annals  and 
Magazine  of  Natural  History,  November,  ISOT. 
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The  abov.  ,iiagram  is  given  to  explain  the  sense  in  which  the  following  terms  are 
used  in  this  memoir  : 
(1.  Ainbuhtrrul  ossicles, — the  small   i)hites  in  the  bottom  of  the  ambulacral   furrows, 

between  which  the  pores  for  tlie  i)as3age  of  the  suctorial  feet  pass, 
ft.  Adiimbulacrnl  platen, — the  rows  of  plates  which  border  the  ambulacral  grooves. 
m.  Miirifiiiitl  pldlcs, — the  row  of  plates  round  the  margin  of  some  of  the  species. 
0.  Oral  plates, — situated  at  the  angle  of  the  mouth.     In  many  species  these  consist  of 

the  ten  terminal  adiimbulacral  plates. 
Disc-plates, — 1  pn)[)ose  to  call  all  the  plates  of  the  body  which  canuot  be  comprised  in 

any  of  the  above  four  classes,  disc-plates. 
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After  much  considcroVion,  1  have  ivsolvcd  to  u.lopt  the  foUowhig 
arrniigcineiit  for  tho  Canadian  specii'H. 

Gains  Palastkuina,  McCoy.* 

(Js  defined  I'lj  Mr.  A'(i//<"-,  1857.) 

Generic  Characters. — "  Pentaif.-iiitl,  *lopro.S8C(l ;  the  anns  a  little 
prothiccd,  with  throo  or  livo  j)i  iii(;ii»al  ro\v.s  of  tuhcrcU's  above,  com- 
bined with  a  phited  di.sk  which  lill.s  up  the  nnglea ;  amlxilacra  ratlicr 
shallow,  of  sub-((uadrat(!  or  siiifhtly  transverse  ossicles,  bordered  by 
a  single  row  of  srpiarish  large  plites,  tlic  lowest  of  which  {itd-oral 
adambulacral  jdates,  Iluxley  1)  are  large  and  triangular,  leaving 
combs  of  spines." 

The  following  species  having  been  already  plaot'd  in  tlie  above 
genus,  I  am  unwilling  to  create  a  ne\y  one  for  them  until  iriore  is 
known  as  to  what  constitutes  a  generic  character  among  the  Star- 
(i.shes.  Our  specimens  do  not  sli(!w  any  spines,  but  perhaps  they 
have  not  been  preserved;  and  even  could  it  be  shown  that  P.atilhua 
was  without  these  appendau  s,  it  would  still  remain  to  bo  settled 
whether  this  dillerence  is  or  is  not  of  generic  importance. 
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I.  Palasterina  stellata,  Billings. 
Pl{.te  IX.  Fig.  la,  1-3. 

{P.  stellata,  Geoi     ical  Survey  of  Canada,  Report,  1856,  p.  290.) 

Dcscrij)tlo7i. — Pentagonal ;  disc  about  one  half  of  the  whole  diame- 
ter ;  andiulacral  grooves  narrow  and  deep,  bordered  on  each  side  by 
a  row  of  small  nearly  s(piare  adambidacral  plates;  a  second  row  con- 
sisting of  disc  plates  extends  nearly  to  the  (Mid  of  ea(di  ray,  the 
remainder  of  tlie  disc  covered  with  smaller  plates.  All  of  tliest'  plates 
are  solid  and  closely  fitted  togs.'tlier ;  the  disc-plates  in  the  angles  in 
contact  with  the  oral  plates  are  much  larger  than  any  of  the  others. 

In  the  only  specimen  in  the  collection  the  length  of  the  rays  mea- 
sured along  the  ambulacral  gntoves  is  three  lines  ;  number  of  adam- 
bulacral }»lates  on  each  side  of  the  grooves  sixteen;  the  lays  diminish 
somewhat  rapidly  in  size,  and  terminate  in  a  rounded  point;  dia- 
meter of  the  disc  four  lines.  The  plates  ai  ■  all  a  little  worn,  so  that 
the  character  of  their  surftice^  cannot  be  observed  ;  they  were  pro- 
baJ>ly  nearly  smooth. 


•  Suggested  by  Prof.  McOoy,  who  did  not  however  define  the  genus.     British  Palfco- 
zoic  Fossils,  p,  59,  1851. 
t  Angle-ossicula  (Forbes),  oral  plati.'s  of  this  memoir. 
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Explanation  or  Fiquiibs. 

Pig.  la.     Tlio  Hpccimon  natural  size. 
\b.     Tliu  sumo  onlnrgi'd. 

LncnVity  mid  Formation. — City  of  Ottawa.    Trenton  limestone. 
Collector. — E.  Billings. 
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II.  Palastkkina  uroosA,  Billings. 
Plate  IX.  Fig.  2a,  2i,  2c. 

(Geological  Survey  of  Canada,  Report^  1850,  p.  291.)    . 

Description. — Two  inches  in  diameter  ;  rays  five,  acute  at  their 
iipices  and  rapidly  ciiiarging  to  a  breadth  of  four  Hues  at  the  disc, 
which  is  eight  lines  in  widtli.  The  specimen  shews  the  upper  side 
ofllu!  fossil  only;  some  of  th(^  plates  are  absent  from  the  centre  of 
the  disc,  but  those  which  remain  are  very  prominent  in  their  centres, 
and  roughly  ornamented  with  four  or  five  deep  crenulations  or  fur- 
rows from  near  the  centre  to  the  edg<>s,  producing  a  star-like  api)ear- 
iince  resemhliiig  a  half-worn  plate  of  (ihiptocriaus  dccudactijlua;  their 
diameter  is  from  one  to  two  lines. 

The  rays  are  composed  (at  least  the  backs  and  sides  of  them,)  of 
four  rows  of  plates,  which  are  so  very  prominent  that  they  ai>pear  to 
he  almost  globular,  and  even  pointed  in  their  centres ;  the  central 
ntws  are  the  smallest;  tlie  lirst  four  pl.ites  of  the  outer  row  occupy 
three  lines  in  length,  and  of  the  inner  rows  nearly  as  many.  To- 
wards the  point  of  the  arm  all  diminish  rapidly  in  size. 

Beneath  the  outer  rows  two  others  can  be  seen,  which  are  pro- 
bably the  outer  marginal  plates  of  the  under  side,  corresponding  to 
those  of  r.  rigidus. 

Explanation  of  FiauiiES.    Plate  IX. 
Fig.  2(1.  Dorsal  view  of  a  ti[)cciinc'n.     26.  i'ragment  of  another  individual.     2c.  One  o! 
the  plates  of  2<i  enlarged. 


Localifij  and   Formation. — Charleton   Point,   Anticosti. 
River  Group. 

Collector. — J.  Richardson. 


Hudsc  i 


Gcnm  Stenaster,  Billings. 

Generic  Characters. — No  disc;  rays  linear,  lanceolate  or  petaloid; 
grooves  bordered  by  solid  oblong  or  square  adambulacral  plates; 
oral  plates  triangular  and  ten  in  number ;  two  rows  of  ambulacral 
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pores.  Dorsal  sido  of  disc  and  rays  covered  with  small  plates,  which 
appear  to  be  tubereidar  uiid  not  closely  fitted  together.  The  yeiierie 
name  is  from  the  Oret^k  Kfitios,  narrow,  in  allusion  (o  the  eontracted 
body. 

As  it  has  been  siigufsled  that  tiie  two  sj)ecii-s  lnTeinafter  desci  ibed 
should  be  referred  to  I'd/f/tisfrr,  I  give  the  following  ligiire  of  that 
genus  in  order  to  show  the  diU'erenee. 


Fig.  1,  PaliBuster  Niugarensh,  Hall. 


•.1 


Upon  oxaniiniiiii  the  above  ligure,  it  will  be  seen  that  there  is  a 
great  tlitlerence  between  Slrm/sicr  and  I'd/ausfcr,  for  the  lullowing 
reasons : 

1.  If  the  large  plates  which  border  the  groves  in  J'li/aasler  be 
adandjidacral,  then  thert;  are  only  live  oral  [>lates,  whereas  in  Stcn- 
(iHtcr  there  are  ten. 

2.  JJut  if  they  l>e  not  adambulaeral  but  marginal  j)late8,  then 
PalMisicrnxnst  have  both  marginal  and  ailambulacral,  while  Stmasler 
has  only  the  latter. 

III.  Stenasteu  Saltkui,  Billings. 

riate  X.   Fig.  h,,  Ih. 

Vcscripfion, — This  speeies  has  rather  short  broad  rays,  whieh  are 
narrower  vvliei-e  they  are  attached  to  the  very  eontracted  body  than 
they  are  at  about  the  centre  of  their  length.  In  conscqnenee  of  this 
form,  the  sides  of  the  rays  are  not  paralhd,  but  a  little  curved  out- 
wards. As  however  only  two  spcM-imens  have  been  collect(!d,  and 
both  appear  to  be  a  little  flattened  by  vertical  pressin-e,  it  may  be  that 
this  leaf-like  shape  of  the  rays  is  accidental,  and  that  in  jx'rii'ct  spe- 
cimens they  tai)er  uniformly  from  the  body  outwards.  The  adambu- 
laeral plates  are  oblong,  and  the  sutures  between  them  are  nearly  at 
right  angles  to  the  ambulacral  grooves ;  those  next  the  body  are  a 


ffi 


CANADIAN  FOHHILH. 


VB 


iitiai'U'd 

e«orib(Ml 
of  that 


hore  in  a 
lullowiiig 

iuiistv.r  be 
s  ill  »SVt«- 

vtos,  then 

\i  Sicnasler 


,hich  aro 
)0(ly  tlian 
u-v,  of  this 
irved  out- 
■ct»Ml,  ami 
ay  l)t'  tliat 
'lit'ct  spc- 
i;  aihunbu- 
ncarly  at 
)0(ly  are  a 


liltlti  sh)piiig  ontwanlH.  Tlicir  h'tii^tli  is  about  twicK  their  breadth, 
anil  th(^y  are  so  disposed  that  tlie  j^neatc^r  diineiiMioii  is  traiiHV«M>ie  or  ut 
riglit  aiiyies  to  the  groove;  the  extreiiiities  wliieii  lie;  next  to  the 
groovcH  are  aiigiihir,  and  souk;  of  them  .ippear  to  liave  the  eoiitigiious 
pores  partly  excavated  in  them.  'Die  oral  plates  an*  aentely  triau- 
gidar,  the  siiarpest  anuie,  being  towards  the  mouth.  Tht;  i)hiteH  are 
smooth.  Tilt!  aud)uiiicral  pores  are  very  hirge,  and  tlie  ossieles  uro 
mucli  eontraeted  in  the  middh'  and  greatly  expanded  along  the 
meilian  line  (»f  the  bottom  of  tlie  groove. 

The  most  [)erfect  speeimen  is  one  ineh  in  diameter  measured 
between  the  tips  of  the  rays;  diameter  of  disc  three  lines;  width  of 
ray  at  mid-h  ::<jth  two  lines  and  a  half. 

Dedicated  to  .1.  \V.  Salter,  Esq.,  I'ala-ontologist  of  the  Geological 
Survey  of  the  United  Kingdom. 

Explanation  of  Fkiureh.     Plate  X. 

Figure  \ti. — Veatral  view  of  a  spcclmon  collected  at  Uelloville. 
16. — The  .same  onlarged. 


Ijoaillfij  and  Fi>r>n(Uhin. 
stone. 

Collector. — E.  Jiillings. 


-Belleville,  Canada  West.    Trenton  lime- 


IV.   StKNASTKU  ITLCIIKLLUS,   Billings. 
Plate  X.  Fig.  2. 

(Palrraster  pulchclla,   Geolouikal  Survey  of  Canada,  185G,  p.  292.) 

DiKcriplioii. — Kays  long,  slender  and  sub-cylindrical  ;  adambula- 
cral  plates  transversely  oblong;  grooves  narrow;  dorsal  plates  small 
and  tvdjular.  Diameter  of  the  oidy  specimen  in  the  collection  two 
inches  and  one-fourth  measured  between  the  tips  of  the  rays ;  rays 
one  inch  in  length,  and  two  lines  and  a-half  in  width  at  the  base; 
disc  three  lines  and  a-half  in  diameter. 

Exi'i.AN.vTio.N  OF  FiQuiiK.      Plate  X. 
Fgure  2. — Vi'iitral  view  of  the  only  specimen  collected. 

Loculihj  (tiiil  FontKttioii. — Ottawa.     Trenton  limestone. 
Collector. — E.  Billinirs. 


Genus  rKTRAsncK,  Billings. 

Generic  Chnractrrs. — This  genus  has  botli  marginal  and  adambula- 
cral  plates,  with  a  few  disc-plates  on  the  ventral  side.     The  general 
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form  is  deeply  stellate,  and  the  rays  long  and  uniformly  tapering. 
A  single  specimen  has  been  collected,  and  as  it  shews  the  under  side 
only,  the  characters  of  the  dorsal  surface  cannot  be  given.  The 
structure  of  the  mouth  is  also  unknown.  Generic  name  frompe^rrt, 
a  stone. 

It  differs  from  Falastcrina  by  the  presence  of  large  marginal  plates 
outside  of  the  disc-plat(!S,  and  still  more  from  Stcnastcr,  which  has 
neither  disc  nor  marginal  plates.     It  is  allied  to  AftirojKcten. 
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V.  Petraster  rigidus,  Billings. 
Plate  X.  Fig.  3. 

(Palasterinn  rigidus,  Geological  Survey  of  Canada,  Report,  ISSfi,  page  201.) 

Dcxcnpthiii. — This  species  has  Tuuch  the  aspect  of  an  yl.s^/v>/w<cw  ; 
the  disc  is  one-fourth  the  whole  diameter,  the  rays  rather  slender  and 
uniformly  iapering;  the  angles  between  the  basos  of  the  rays  round- 
ed. The  plates,  wliich  ap[)ear  to  be  adambulacral,  are  quadrate  and 
a  little  convex;  tlio  marginal  plates  oblong,  and  also  convex;  the 
disc-phitrs  consist  of  three  at  each  angle,  and  a  single  row  on  each 
side  of  th«!  ray,  but  extending  only  one-third  or  one-half  of  the  length 
of  the  ray;  they  all  lie  between  the  marginal  and  adambulacral 
plates. 

The  specimen  figured  was  about  two  inches  in  diameter  when  per- 
fect; width  of  disc  lialf-an~inch,  and  of  rays  at  the  base  about  three 
lines. 

Explanation  ok  FuiUBB.     Plate  IX. 
Fig.  3((. — Ventral  view  of  an  imperfect  specimen. 
Fig.  3((  appears  to  bo  the  dorsal  side  of  an  individual  of  this  species  with  tlie  plates 
along  the  centre  of  tlie  rays  removed. 

LocaHty  and  Furmtitin/i. — Trenton  limestone,  Ottawa. 
Cu/lufor. — J.  Kiehardson. 


Gains  TvENiASTKR,  BiUings. 

Generic  Characters. — Body  deeply  stellate ;  no  disc  or  marginal 
plates;  rays  long,  slender,  flexible,  and  covered  with  small  spines; 
two  rows  of  large  ambulacral  pores;  adambulacial  plates  elongated 
and  sloping  outwards  so  that  they  paitly  overlap  each  other ; 
adambulacral  ossicles  contracted  in  the  middle,  dilated  at  each  end. 
Generic  name  from  tainia,  a  nbund. 
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This  i^onns  differs  fiom  Frolas/er  as  doscribod  by  Mr.  Sidtor  in  tbc 
Auiiiils  iiiid  Aliigazitio  of  Natural  History,  November  IS57,  in  tlic 
following  particulars : — 

1.  Prolmlcr  has  a  well-developed  disc. 

2.  It  has  also  the  pores  outside  of  the  ani])ulacral  ossicles.  See 
Mr.  Salter's  fig.  46',  in  the  article  above  cited. 

3.  Th(!  same  figure  shows  that  the  oral  plates  of  P.  MiUdii'i  are 
formed  of  two  of  the  anibulacral  ossicles,  instead  of  two  of  the 
adaiiibulacral  plates. 

These  differences  are  too  great  to  admit  of  our  species  being  at  all. 
unless  very  remotely,  allied  to  Pro/as/cr. 

VI.   T.KNIASTKU  SPINOSUS,   Billiugs. 

Plate  X.  Fig.  ^a,  tih,  3c,  .'W. 

(Palaocoina  spinosa,  Geological  Survey  of  Ciimulii,  Report,  1850,  page  292.) 

Description. — The  specimens  collected  are  about  seven  lines  in 
diameter;  the  rays  linear-lanceolate,  one  liuc^  in  width  at  the  base, 
and  covered  at  the  sides  with  numerous  hUiall  spines. 

In  the  view  of  the  enlarged  specimen  (pi.  x.  3b),  the  ambtdacral 
ossicles  ap[»ear  in  .some  places  to  alternate  with  each  other,  but  this 
is  uwiug  to  a  distortion.  Those  on  one  side  of  the  furrow  are  opposite 
those  upon  the  other.  The  adambulacral  plates  are  elongated,  and 
.so  [)laced  that  the  outer  extremity  of  the  one  lies  upon  the  inner 
extremity  to  the  next.     The  rays  are  flexible. 

IIXPLA.NATIUiN    OF    I'UUliKa.      I'lutC  X. 

Figure  .■!(/. — W-iitriil  view  of  a  small  specimen. 
;i6. — The  siinie  onlnrgeit. 

3c. — Another  .-pecinien,  willi  the  rays  bent  upwards. 
'M. — The  same  enlarged. 

Ldni/lhj  ami  Fi/niia/i'in. — Falls  of  Montmorency,  Trenton  limestone. 
Co//rrt»r.—\<].  iJillings. 
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VII.   T.KXIA.SlKli  CVLl.NDKICr.S,    Billiiigs. 

IMate  X.    Figs.  4^/,  4/^. 

'  (^Palrcocomn  njlinilrica,  (holos^ival  Surrey  of  Caiuida,  Report,  1850,  page  2i)2.) 

Desrriiilifiii. — About  an  inch  aud  a  half  in  diameter  or  a  little  more ; 
luys  sid)-cylindrical,  regularly  roimded  on  the  upper  side,  ffattened 
on  the  lower,  covered  above  with  spines ;  about  a  lint!  in  width  at 
the  base,  and  tapering  to  an  acute  point. 
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This  species  is  larger  ciiid  more  robust  than  the  former.  Both 
appear  to  bo  soiiiewliat  coininon,  and  tlie  specimciiH  are  often  fonnd 
witli  tlieir  rays  variously  curved,  showing  that  they  were  extremely 
flexible. 

Explanation  of  Ficuues.     Plate  X. 
Figure  4((. — Dorsiil  view  of  a  specimen. 

41). — Ventral  view  of  u  iliH'erent  specimeu. 

Loatf'ttij  a/ifl  Formation. — City  of  Ottawa.     Trenton  limestone. 
Col/cc/or. — E.  Billings. 


Grin/s  Eduioaster,  Billings. 

(Genus  Cyclastcr,  Geological  Survey  of  Gouiilii,  Report,  185G,  page  '2!)2.) 

Ciriinic  Cluinictcn. — I'ody  sessile,  circidar,  discoid,  covered  with 
inuiierous  irregularly  polygonal  plates;  mouth  large,  sub-pentago- 
nal ;  live  and)nla('ral  grooves,  each  composed  of  two  series  of  oblong 
ossicles;  four  rows  of  ambulacral  pores  to  each  groove.  The  mouth 
is  formed  of  live  oral  and  apparently  live  internal  osisicles.  Tiie 
sutures  between  the  andndacral  ossicles,  in  certain  conditions  of  pre- 
servation, are  eidarged  so  that  the  pores  on  each  side  are  connected, 
and  thus  there  appear  to  I)e  two  instead  of  four,  irmce  in  the  fust 
description  I  gave  of  tliis  species  it  was  described  as  liaviiii;-  tw() 
rows.  Since  then  more  perfect  specimens  have  been  procured,  and 
I  am  enabled  to  correct  this  misconception.  Cfeneric  name  from 
•  (/riiio,  to  seat,  in  allusion  to  the  sessile  condition  of  the  species. 

In  my  re[)ort  for  ISoG  this  genus  is  called  Cyrlasirr ;  hut  1  find 
that  this  name  had  been  a  short  time  previously  given  to  a  genus  ol' 
sea-urchins  by  M.  Cotteau,  and  it  is  therefore  necessary  now  to  pro- 
vid(!  a  new  one.  (See  Cafo/ogur  ihs  Eclihi'uhs  Fossl/is  >/rs  l*i/rfiiii'-''>i. 
I'ar  ■\1M.  Leymerie  et  Cotteau.  Bulh  tin  de  la  Socit'te  (j!eoh»!ii(pie 
de  France,  18  Fevrier  a  17  ]\[ars  lS5(i.)  This  number  of  the  liuUe- 
tin  was  published  in  March  lSo7,  but  my  Report  was  not  issued  until 
the  autumn  following. 
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VIII.  Edkioastku  Bi(!Siivi,  Billings. 

(Cyclaster  Bigsbyi,  Gcoloc;ical  Survey  of  Canada,  Report,  1850,  page  293.) 

Description. — The  body  of  this  species  is  circular,  about  one  inch 
and  a  half  acro.ss,  and  half  an  inch  in  height  in  the  centre.  It  is 
covchmI  with  numerous  small  plates  of  various  sizes,  and,  except  in 
the  ambulacral  areas,  disposed  without  order.     The  mouth,  situated 
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ill  tlio  contrc  of  tlio  upper  sido,  is  about  two  lines  in  diiiinoter,  and 
apI>;irtMitly  fivtvsidcd.  Tlit;  other  aperture  between  the  rays  consists 
(if  a  space  covered  with  plates  much  smaller  than  the  average  size; 
these  form  a  small  eh'vation,  which  is  imperfect  in  all  the  specimens 
I  have  seen,  but  enough  remains  to  render  it  almost  certain  that 
there  was  an  aperlure  of  some  kind  in  this  place. 

The  aiiihulacral  areas  are  five  in  number,  radiating  from  the  moiitli, 
precisely  like  tlujse  of  a  common  star-lish,  and  composed  of  two 
series  of  oblong  plates  which  alternate  with  each  other  in  the  centre 
(if  the  furrow.  Tliere  are  about  ten  of  these  plates  to  five  lines  in 
length,  on  each  sidi;  of  the  ambulacrum.  The  pores  pass  between 
the  plates,  two  being  situated  between  each  two.  The  ambulacra 
are  lliree  lines  wide  at  th(!  mouth,  and  about  an  inch  and  a  half  in 
length  in  i'ull-grown  specimens.  As  they  recede  from  the  centre 
they  curv(;  round  towards  the  right  m  some  sjiecimens,  and  towards 
the  left  in  others. 

The  mouth  appears  to  l)e  composed  often  plates;  five  of  those  are 
at  the  ends  of  the  ambulacra,  and  the  other  five  placed  in  the  angles 
between  the  ambulacra.  In  some  of  the  sj)eciniens  the  plates  are  all 
smooth,  in  others  covered  with  small  tubercles. 

All  tlie  sp(icimens  that  I  have  coHected  were  seated  upon  tlie  roik 
with  the  mouth  upwiM'ds,  and  apparently  somewhat  llattinuid  by 
[iresMire.  It  is  probable  that  when  p(M-fe('t  they  were  more  globular 
than  they  are  present.  One  specinum  is  detached,  and  sIkjws  that 
the  plates  covered  the  whole  of  the  under  surface,  except  a  -sviall 
space  in  the  centre  which  aj)pears  to  be  without  plates;  por'iaps 
this  was  the  point  of  attachment ;  I  see  no  evid(>nce  of  a  coliimn. 

Dedicated  to  Dr.  IVigsby,  one  of  tli(>  most  able  of  the  first  explorers 
of  the  geology  of  this  country. 

I  regret,  tiiat,  in  consecpience  of  mistaking  the  meaniiig  of  Prof. 
K.  Forbes'  remarks  on  the  genus  Agrlncriiiifrs  in  Ids  memoir  on  the 
British  Cystidea?,  I  supposed  this  to  be  the  specimen  discovered  bv 
Dr.  l>igst)y,  and  accordingly  gave  it  his  name.     Since  then  I  have 


seen  Dr.  iJigsby's  specimen,  and  lind  it  to  be  A.  DicJiSim/ 
late  now  to  change  the  names. 

K.Xl'I.ASATlllN    Oh'    I'kjihKS.      I'hUl'Xlll. 


It  is  ton 


I(;iHKS. 

Figure  1. — I'ppcr  >iicl('  of  ii  s|i(!ciiiu'ii  partly  I'liiln'iUli'il  in  stone. 

111. —  .\  polisheil  section  tliroiigli  the  nioiitli  iiml  two  of  the  grooves,  ■sluiwin'^ 

t!iiit  tiio  por'S  pcnelnite  throiigli. 
J. — FfagiiU'iit  ot'a  crnslieil  specimen,  showing  two  of  the  ray.-;. 
2a. — A  portion  of  tig.  2  enlarged  to  sliow  tiie  pores. 

LncuHtii  and  Formation. — City  of  ( )ttiiwa.     Trenton  limestone. 
C. , Hector.— v..  I'.illings. 
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AOKLACnixVITKS  DiCKSONI,  BllUllgS. 

Plate  VIII.  Figs.  3,  3a,  4,  4a. 

(d.  Diclcaoni,  Geological  Sun-cy  of  Canada,  Report,  185G,  page  294.) 

Di:srr'q)/ion. — The  diameter  of  this  species  is  from  three  quarters  ol 
an  inch  to  an  inch  and  a  half;  the  rays  are  five  in  number,  and  con- 
strur^'^'^  upon  a  plan  somewhat  different  from  that  of  £.  Bigsbiji, 
being  Dounded  by  two  rows  of  small  plates,  which  rise  from  the 
surface  ;id  arch  over  the  grooves.  The  upper  ends  of  the  plates  on 
one  side  meet  those  of  tin;  opposite  side,  in  a  line  along  the  centre 
o<  the  ;. ;  ,  thu':'  forming  for  each  ray  a  sort  of  covered  way.  The 
spaces  bt-t  vveon  the  rays  are  paved  with  numerous  flat  sub-imbrica- 
ting plaies.  The  specimens  do  not  show  the  central  aperture  dis- 
tiuci'^ ,  l)ut  between  two  of  the  rays  there  is  an  orifice  which  appears 
to  have  been  surrounded  by  small  plates.  The  width  of  the  rays  at 
tlu'ir  bases  is  from  one  to  two  lines,  according  to  the  size  of  the 
individual,  and  they  taper  uniformly  to  their  extremities.  In  all  the 
specimens  I  have  seen,  the  rays  curve  round  to  the  right  hand,  if  we 
suppose  that  the  side  with  the  aperture  is  posterior.  The  marginal 
plates  of  the  rays  do  not  ap[)ear  to  alternate  regularly,  as  in  some  of 
till'  figured  species  of  this  genus. 

There  are  two  rows  of  small  circular  indentations  on  each  side  of 
the  rays,  corresponding  in  their  position  to  the  ambulacral  pores  of 
K.  Jiigshi/i,  only  that  in  the  latter  they  are  in  the  bottom  of  the 
grooves.  It  cannot  be  ascertained  vvliether  the}  penetrate  through 
betw(H;n  the  marginal  plates  or  not. 

1  have  dedicaied  tliis  sjiecies  to  Andrew  Dicl\sou,  Esquire,  of 
Kingston,  C  W.,  one  of  the  best  workers  in  the  field  of  Canadian 
geolog3% 

The  first  specimen  was  discovered  by  Di'.  I'igsby  at  the  Chau- 
(li(T(!  Falls,  lit  Ottawa,  in  lS-2-2. 

E.XPI.ASATION    (11-    Fun  IlKS.     I'llltO  VIII. 

Figure   I. — The  original  .spi  ;ii)HMi   iV  i(i\i'r("!  liy  Dr.  I!ig.,l)y,  niul  now  in   tlit- 
Mwsoiiin  of  I'mni^'iil  (IcoUigy,  Jcriiiyn  tStroet,  Loiuloii. 
■W(. — Tiic  sunn  i'tilar(;cd. 
3. — View  of  a  (lillLTcnt  specimen,  in  tlie  collection  of  the  Cieologioai 

Survey  of  Canada. 
;j((. — The  same  enlargL-d. 

Lord/'/!!/  find  Fnniifilio/,. — Piry  of  f  )ttii\\;i,      Trenton  liiiiest(Uie. 
Colkfiors. — Dr.  liigsby,  K.  Bii lings. 


-    s 


CANADIAN  FOSSILS.  85 

I  have  placed  E.  B'lgtilnji  in  the  order  Astoriadne,  because  its 
structure  appears  to  me  to  be  more  like  that  of  the  Stiir-fishes  than 
tliat  of  the  Cysti(l(!<:\  None  of  the  Cystidcte  have  aiubiilacra  wliosc 
pores  penetrate  thi'ougli  the  coverhig  of  the  body,  and  therefore  al' 
such  gencM'a  as  Eilridasfcr,  A<rrl(urtnitcs  and  Hnniriisfi/as,  belong  to  .i 
very  diftbreut  division  of  the  Echinodermata.  When  v/e  know  move-^ 
of  then"  structure  it  is  probable  that  they  will  be  arranged  as  a 
sn])-onler,  for  which  the  name  Edrh'tistcriiUr  would  be  apj>ropri;ite, 
as  it  would  suguest  their  sessde  condition  on  the  oiir  h.-md,  and  on 
tlie  other  their  allinity  to  the  Asteriadte. 
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Oil  CYCLOCYSroinEs,  r/  ncir  i>;niiis  of  Ec/uiiudcrmdfd  from  flic  Loivw  and 
Middtv.  Sili/ridii  Itorfs.  ]ly  J.  W.  8al'1kk,  Escj.,  of  tho  Geolo- 
gical Siii'voy  of  Grciit  r>iitiiin  ;  tuul  K.  1'ilmxos,  Esq.,  of  the 
Caiiadiuu  Geological  Survey. 

Uutler  this  name  we  wish  to  describe  a  form  which  has  come 
uiuler  I  lie  notice  of  each  of  us — in  the  one  case  in  a  series  of 
instructive  spt-cimens  shewing  tin;  structure  of  the  diiferen^  jtarts 
from  ill''  Trenton  limestone  rocks  of  Canada;  and  in  th"  oilier,  a 
sp'i-imen  shewing  the  entirt!  I'oim  and  geiu'ral  surface,  which  has 
b  .  •!  long  known  in  the  Llandovery  Rocks  or  May-IIill  Sandstone 
ol' Enghrid, 

Thv  iul'tLities  of  the  fossil  may  perha[)s  be  better  discussed  when 
rlie  structure  of  the  two  s[)('cies  wilh  which  we  are  ac(|uaintcd  has 
been  described. 


(Iinii.'i  Cvci.ocvsToiUKs,  I)illin<is  and  Salter. 
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(lincric  Clutractcrs. — Discoid,  surfaces  formed  of  an  integument 
ciimposed  of  numerous  small  granular  [)lates,  which  a[)[iear  to  be 
radiately  ari'anged;  margin  t'mir''l\-  surrounded  by  thick  sub([uadrate 
plales,  eacdi  of  which  [tresents  upon  its  outer  half  two  deep  obtusely 
oval  cxcavalions.  These,  in  perfect  specimens,  are  covered  (jver  by 
minute  polygonal  plates,  thus  forming  a  tubular  channel  around  the 
wiioh'  animal.  This  chaimel  apj)ears  to  have  been  connected  with 
the  interior  l)y  small  port's  [lenetrating  through  the  marginal  plates, 
there  l)eing  one  pore  leading  froM  each  of  the  excavations.  The 
margin  or  (peiluijis)  disc  was  also  eomiected  with  ;'  long  tube,  like 
the  proboscis  of  some  of  the  Crinoids,  formed  of  ma,,y  small  polygo- 
nal plates. 


I   -;-;S? 


I.  Cv(:i.o(,'VsT()ii)t;s  lf.\i,i,i,  llillings. 

Jk.'^crl[)/ioii„ — Flat,  circular,  from  one  to  two  inches  in  tliameter; 
about  t hilly-six  marginal  plates,  the  uii"xcavated  inner  jtoitious  ol 
which   are   subijuadrate,  convex,  and  slightly  granular  upon   their 
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suifiiccs.  Tlif!  two  marginal  excavations  of  (>a(;li  plato  are  separated 
by  a  thin  wall-like  partition,  and  bordered  at  the  sides  and  ont(>r  ed<^e 
of  the  platt!  by  a  sharp  lim.  It  thus  follows  that  the  ch.innel  around 
the  margin  of  the  animal  was  divided  into  twice  as  many  compart- 
ments as  there  are  marginal  plates.  The  int<!gument  of  the  upper 
side,  supposed  to  be  the  side  on  which  the  marginal  jdatcs  ;nv. 
excavated,  is  connected  to  the  inner  edge  of  those  plait's,  and  docs 
not  exti'nd  over  them;  its  surface  is  roughened  by  small  tubercles. 
The  integuments  of  the  under  side  appears  to  extend  under  the 
marginal  plates,  and  connect  witli  the  small  phitea  which  cover  the 
excavations  above. 

Fig.  6  represents  the  remains  of  a  specimen  which  was  perfect,  but 
imbedded  in  the  rock  to  such  an  extent  that  only  eight  or  nine  of  ihe 
marginal  plates  and  a  small  portion  of  tlie  integument  of  the  upper 
side  were  visible.  It  was  silicilied,  but  not  to  such  an  extent  as  to 
resist  com[)letely  the  action  of  hydrochloric  acid.  It  shewed  cleiirly 
that  the  integument  was  attached  to  the  imier  edges  of  the  marginal 
plates. 

The  following  description  of  the  iigures  contains  all  that  can  be 
be  said  further  about  these  specimens: — 

The  specimens,  four  in  number,  collected  by  Sir  William  E.  Logan, 
shew: — 

1.  In  fig.  1,  an  impression  of  a  nearly  complete  disk,  more  than  an 
inch  broad,  with  all  the  marginal  ossicles  coni[dete.  They  form  very 
nearly  a  cinde,  delicient  only  at  one  point,  a,  which  may  ])e  only 
accident, or  possibly  as  both  the  outer  riniand  inner  series  of  ossicles 
are  deficient  at  this  point,  it  may  indicate  the  po^lUoil  of  a  srem  or 
iittachment.  At  one  olaer  [)oint,  h,  the  margin  is  broken,  but  the 
iiiuer  row  of  ossicles  appears  to  be  continuous,  so  that  if  there  be 
iiol  an  attachment  at  <i — and  no  trace  of  any  appendage  exists — llie 
animal  was  most  probably  free. 

•2.  Fig.  -2  shi'ws  till'  marginal  plates,  and  in  a  good  state  of  i)resi  r- 
vatioii,  of  more  than  three-fourths  of  the  riuii'.  There  are  twenty-six 
oi' these,  and  their  form  is  rudely  sub-ijuadrate,  rounded  on  the  inner 
luiirgiii,  truncate  and  bilol)ed  (Ui  the  outer;  each  is  dividiMl  into  two 
coiis[)icuous  halves,  of  which  the  inner  is  convex,  ;  raiuiloso-tiiber- 
culate,  and  witli  close,  parallel,  vt'rtical  stria'  on  tiu'ir  ;tdes  (tig.  oA^ ; 
the  outer  hall',  on  tin'  contrary,  is  dev'[dv  excavate,  sn  oorh,  divided 
by  a  radiating  ridge  into  iwo  shovel-shaped  portion  ■;,  which  at  theii 
inner  base  are  t'ach  deepened  into  a  circular  pit,  with  a  tnt)i'rcle 
in  it  (as  seen  more  plainly  in  the  ca^st,  iig.  0  and  <i ).     The  "Utcr  frt*e 
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0(\m^y  f'W,  is  t'liniislicd  witli  0110,  two,  or  more  tniiisvcrsr  uliifos,  wliirli 
jilso  iippcar  irriuiiiliir,  siipnoitiiifif  oilier  sniiillcr  oiios  wliicli  finjx'iir 
to  lill  up  all  tlu!  spiice  over  (lie  cxcaviilioiis,  and  to  lonn  a  sort  of 
polyqoiiiilly  platud  tube.  Tins  tiilx;  is  nearly  compjcl-c!  at  f/.  lig.  1, 
and  from  nour  this  point  a  similar  but  truly  cylindrical  tulx-  extends 
out  beyond  tlio  ring  of  ossicles,  and  is  sc(Mi  at  h  compl(>te,  and  at  c 
with  its  uj)per  surt'a(u;  broken  away,  forming  a  contiinioiis  tnlx;  fnlly 
rliree-quarters  of  an  inch  beyond  the  disk,  and  apparently  not  tcrmi- 
uated  (wiMi  then;  2(1*  shows  it  magnified. + 

3.  Fig.  '")  hIkuvs  a  still  more  complete  development  of  this  mar- 
ginal plating,  and  the  dillereiice  in  size  of  the  basal  ])lates  (see  jig.  5* 
and  the  marginal  ones,  l>)  is  such  as  to  suggest  the  iilea  of  a  distinct 
species.  It  is  perha[)s  oidy  a  younger  specimen,  considerably  abra- 
ded, but  may  lunvev(>r  reccMvi;  provisionally  the  nauK  of  C.  il(:j)irsiii/s. 
riie  specimen  •')  shews  a  considerable  ])ortion  of  the  loosely- 
iirrangtMl  and  Ihiltened  ossicles  of  the  disk,  which  are  :iot  (dosely 
plated,  bur  leave  large  interstii'cs  between  them.     This  sinicture  is 


l)efter  seen   in  ihv.  small   I'rauinent  of  tin;  central  d; 


ol'  figure  2 


(magnduM 


1  in  f 


iixiire 


1). 


in  wliich  the  "ranular  surface  o 


f  the 


P 


ates, 


and  their  irregular  ariiiiiiicnieiit  v>illi  iiiti'rstices,  is  vciy  distinct. 

Fius.  S  and  i)  shew  slill  more  clearly  the  radiaU^d  struclure  of 
the  u[r[)er  surface  in  another  species. 

I'ig.  (>  is  the  op[iosire  or  under-side  (ar  least  the  llatfer  and  less 
oniauiented  side),  and  may  be  presumed  to  be  C.  ILtl/t.  The  great 
ossicles  here  are  marginal,  and  have  no  plated  integumtMit  stn'tchiug 
b('\()iul  them,  tb(?  outer  edge,  (>//,  corresponding  to  the  edge,  oil, 


oul 


on  tic  onposile  laci 


Th 


ilicilied  spec'imen,  0,  has  been  macerated  in  muriatic  ac 


d  to 


expose  it,  and  bus  siilfered  abrasion — neither  the  margin;il  ossicles. 
/».  nor  the  reticular  surtiice,  a,  shewing  s(  (dearly  as  they  should  do 
r!u*  real  sinicture  of  the  surface.  At  </  a  portion  of  the  iippi  r-sid(> 
is  seen,  viz.,  im[ii'cssi(Mis  ot'  three   of  the    larg(!    granular    o----iclcs. 


\v 


itii  tiH'ii  external  deep  pits  (represented  in  the  cast  as  circular 
elevations,  with  a  minute  central  pit  in  each). 

It  is  this  s[»eciiiien  which  so  satisfactorily  explains  the  meauiim'  of 
the  cast  m!xt  to  be  descri))i'(l,  and  which,  though  dilfering  specifically 
and  from  another  f<uiiiati(Ui,  also  helps  materially  to  elucidate  the 


sijecmieiis  alreadv  <les( 


ribed. 


t  Hiion  a   rix'xiiminatidii   ul'  ilii-:   ^jimmuii' i  I  cini  di'tccl    im  ciiiuHH'tiiiii   liviwccii  tlio 
lV:\;riii;'iit  I'f  tliL'  tnlie  iiiid  liu'  di-c,  iillli"'i^'!i  it  iiniy  liiivf  licfii  I'oiiiii'ctL'd. — !■;.  !>. 
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Wc  flodicnto  this  Hjiocics  to  Professor  J.  ll.ill,  the  distinffuisheJ 
pnlirontnloiii.st  of  ilicNcw  York  Hiirvry.* 

hnnilihi  (mil  Fnrniiitloii. — TrciUoii  rmn'stonc,  City  of  (^(l:i\va,  unrl 
Lakn  St.  Joliii. 

Collectors. — Sir  W.  E.  Logan,  E.  Billings,  J.  Richardson . 

II.  Cyci.ocystoides  Davisii,  Salter. 

C.  ovnl'is?  itnrlii'ls  ct  ii/ti-n.,  ossirn/is  in<tri/!iiilil//(s  4.'^-40, ro«wv/v,  Icevlijatis, 
t.rtns  pi'ofdiulc  ctxaviilct,  .tiwpticihits  ncc  nul'tnlim  hi/obis,  tnanfini  recurr"^ 
nuptrjicie  obnnif''  8,  radlalo. 

This  species  certainly  differs  from  the  American  one  in  that  the 
iiiiuiber  of  marginal  ossicles  is  uiiich  greater  (forty-eight  or  forty-nine), 
while  th(!  ossicles  themselves,  instead  of  being  granular,  iiit"  smooth, 
and  liav(!  tin?  outer  division  much  deeper,  the  margin  b;'ing  produced 
npwards  as  a  distinct  rim.  Neither  t!ui  division  of  the  ossi<'les  in 
tills  outer  portion  into  two  lobes,  nor  the  sepanihou  of  one  ossicle 
from  its  neighbour,  is  at  all  distinctly  mnrked  ;  but  just  ;it  tli»;  base 
of  tlu!  de(!p  (excavation  sliort-raisiMl  ridges  indicate  iiuntly  these 
divisions,  while  the  amudar  pits  at  the  bott(»m  are  still  deepi-r  and 
more  distinct  Ihan  in  the  C,  IliU'i, 

This  species  shews  the  complete  surfac,  ou  which  about  as  many 


*  Profussiir  Hall  in  18J1  dcsiM-ibt'd  n  spocie?  of  tlii:*  gt'tnis  in  the  ]iiiliCimtoloj,'icii!  [lart 
(if  Foster  and  Wiiilne^'s  Report  on  the  (leology  of  Lake  Siiiierior,  pnge  20'.).  Kiuh  of 
llie  siieciniens  wiiicli  lie  lli^nires  (see  plate  xxv.  tifr.  I,  n,  h,i-,  of  the  work  eiled)  cjliihits 
twenty-nine  miirfjinnl  plale.-i.  The  .smallest  of  oiirs  (plate  x.  figiue  ">  of  this  decade) 
althoii^'li  exactly  the  size  of  the  lartrest  I'fjured  by  I'luf  Hall,  has  lliirty-six,  and  .=o  have 
our  two  largest.  T!io  E.scanaba  specimens  are  thi  rifoie  most  probably  of  a  dill'erent 
species,  which  has  not  yet  been  named,     'i'lie  foUowin.;  is  I'rof  Hall's  descriiitiou  : — 

"This  body  consists  of  a  ring,  or  a  sac,  tlie  upper  edge  of  which  only  appears, 
composed  of  nnmcrons  jdates  joining  by  their  broader  edges.  The  upper  or  e\po.5cd 
surface  of  the  plates  is  sculptured  or  granulated,  convex,  and  not  closely  joined  logctber 
at  the  \ipper  angles,  jiresenting  the  apjiearance  of  soniewtiat  (luadrangular  tubercles; 
exterior  margin  of  each  [ilale  furnished  with  a  thin  wing-like  expansion,  marked  'jy  two 
diverging  ridges. 

"This  curious  body  is  evidently  Orinoidean,  from  the  character  and  structure  of  the 
plates.  The  ring  presents  an  apiiearance  very  similar  to  the  row  of  plates  suii'onnding 
the  valves  wliich  clnse  the  ovarian  aper'ure  in  suiae  Cystideans,  but  the  number  is  far 
too  great,  being  in  'ue  specimen  twenty-nine,  and  a|iparently  not  less  in  the  other. 
The  inner  faces  of  the  plates  moreover  do  not  present  any  appearance,  as  if  for  the 
attachment  of  other  jdates  or  valves.  It  is  'jossiblo  that  it  may  be  the  elevated 
marginal  ring  of  .■■ome  one  of  the  sessile  Crinoids.  though  the  arraiigeii'eiit  of  tiie  plates 
is  more  regular  than  in  any  species  known  to  me. 

^^  Locality. — ll.mks  of  the  Escanaba  river,  two  miles  below  the  I'l.outb  of  Indian 
■,ieek,  in  the  Trenton  limestone." 
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radiiitioiis  imuk  the  iiiiif^iti  as  tlioro  jiro  ossicles,  and  the  centre  of 
the  lljit  disk  is  occnpied  hy  ii  st;ii  of  about  fiirht  narrow  rays,  with  a 
central  drpressioii.  All  of  ihesc  larkinys  are  obscure,  hut  were  still 
capabh'  of  demonstration  in  tli''  s|>('cinuMi  (unfortunately  since  losf, 
after  an  !i('('urate  drawin<>;  hiid  been  taken). 

TIk'  ni.iriiin  is  pecidiarly  deep  and  raised  like;  a  rim  all  round;  t'.ic 
outer  half  of  th(!  ossicles,  beiiisjf  de[)rived  of  radiating  ridges,  ('ond)ine 
to  form  a  smooth  ehamiel.  The  dee[»-s(!t  annular  pits  shew  on  the 
east  as  projecting  rings  with  a  central  di'i)ression. 

LucaVihj. — ;May-]Iill  Sandstone  ol'  I'rof.  Sedgwick  (Tapper  Llando- 
very Kock,  ^lurchison),  I'resteigu,  Kiulnorshire,  South  Wales. 
Found  by  J,  E.  Davies,  Es(i.,  F.ii.S. 

Iicgarding  the  alliiiities  of  the  fossils,  the  choice  seems  to  be 
between  Star-lishes  and  Cystide;\'. 

At  first  sight  of  the  more  [KM-fcct  evidence  thus  brought  together — 
for  neither  the  Cituiidian  or  Ilritish  specimi'us  are  c(MUplete  without 
the  other — the  inqtiession  certninly  was,  that  we  had  here  a  truly 
circular  Star-fish,  jui  exinine  form  of  what  is  so  often  iip[>roac!ied 
by  sonu>  of  the  (j(»niiilites  of  the  chalk  formation.  AVe  have  ligured 
one  (ligurt!  10)  to  illustrate  tliis  (-omparison.  where  tin'  marginal 
ossicles  of  the  disk  iind  of  the  rays  are  so  much  alike,  and  the  latter 
much  shortened  as  to  [)res<',,i  .-icarly  a  circii'ar  outline. 

In  the  loosely  reticiilu"  "kcleton  of  the  di>k  tiiere  is  an  aildi- 
tional  character,  vt.-ry  {'>.  ujion  in  Star-lish,  but  ran;  in  Crinoids  or 
Cystideie.  Again. -t  tins  sujtiitjsition  there  is  the  peculiar  excavation 
ot'  th;^  UKU'ginal  ossicles,  im;  for  the  attachment  of  larue  marginal 
spin  's,  8U<  h  as  ( ioniaster  and  other  star-tisiics  often  exhibit  on  a  small 
scale,  but  i'orminir  a  ludlow  space,  covered  over  with  closely  plated 
ossic!es. 

Tlu"  disco^•ery  of  the  long  tube,  lig.  2,  A,  r,  maile  (durim;-  the  eteh- 
ing  of  the  specimens)  by  our  vahu'd  t'riend,  Mr.  Sowerby,  threw  still 
further  doubt  on  this  explanation.  It  a[»[)(?a'>-  .:s  ifconlinuou^  (though 
the  connecri(m  cannot  (piiie  he  traced,)  witli  tin'  marginal  tesselated 
portions  {a,  a),  and  if  this  were  tlu^  case  there  would  be  a  channel 
rumung  along  the  outer  margin  of  tlu'  disk,  and  thenc<>  out  fie(dy  at 
one  end,  a  structure  incom[tatil)le  willi  that  <»f  anv  known  Stiir-lish, 
or  indeed  anv  Kchinoderm  wlialever.  ll'  on  the  ijther  hand  compa- 
rison be  made  with  certain  known  forms  of  Cysiidea',  although  the 
reticular  structure  of  the  <hsk  is  abnormal,  yet  in  the  arrangement  of 
the  marginal  ossicles  thert'  is  a  not  indistinct  resenddaiicc!  to  such 
forms  of  Cysti(h.'a!  us  Psm/d'ini/il/cs  (tig.  12),  or  perhaps  still  neari-r  to 
the  Canadian  form  Aniygilalocijsliks,  described  by  one  of  the  authors. 


On    the    Viilmtzmc    Dlrnlfc    EntoMostuaca    <i/'  Cunaila.      I'y   T.  U. 
JoNKs,  F.s(i.,  F.a.S. 

I.    ]»I.VI!I(IltA    LoOANI,    JoiU'S. 


Plate  XI.  Figs.  1-5. 

{Annuls  of  Natural  Hislonj,  .'id  aurics,  vol.  i.  p.  2  1 1 

Length  iV)  brcudtlj    l  incli. 

This  is  a  suiiill   liiiiiirhin  oi'  tlio  iiiiisiilcato 


n-io.) 


'imp 


licos, 


AiuiiiLs  Nut.  Hist.,  2  stf.  vol.  xvi.  p.  8-')) ;  vjiriniile  in  sliaix',  IVoin 
riMiil'onn  to  oblong;  dorsal  edge  strjiight,  cxtn'iiulii's  rounded  and 
almost  e([nal  ;  veiitial  edge  varying  in  its  convexity.  Sniliice  of  the 
valves  somewhat  depressed,  most  convex  a  little  above  th(^  median 
line,  sl(i[iing  more  gently  to  llie  ventral  than  to  the  dorsal  margin; 
usually  punet/ite,  sonu'times  smooth  :  always  bearing  a  distinct  nar- 
row depression  on  the  dorsal  region,  usually  on  its  anterlni'  third; 
this  dorsal  notch  reaches  across  a  ihird  or  even  nu^re  of  the  breadth 
of  each  valve.  Ventral  and  terminal  margins  bordered  by  a  narrow 
depressed  rim. 

I  (Munot  regard  the  (extreme  shapes  of  the  greuarious  and  innume- 
rable iiulividuals  of  this  li( ijnrlud  as  typical  of  spt-cilic  disiinctiou. 
The  general  I'orm,  the  relative  convexity,  and  the  dorv  1  notch  are 
the  mon;  characteristic  features. 


ill',  n tii/iiniita. 


Th 


e  exireine  (u  Im;  kidii 


ey-sliaped  form  is  w( 


>11 


shown  ill  liu'.  I,  a  specinii'ii  iVoiii  1  la wkesbury,  where  this  shape 
occurs,  with  many  ofoblong  outline,  and  others  of  internHuliate  shapes. 
The  specimen  here  figured  is  strongly  p  nictate  :  smooth  s]iecimens 
of  this  variety  occur  at  (jlreinille. 

/>.  \'iir.  /cii/nlifioitlis.     In  tig.  •")  we  luive  one  of  the  specimens  in 

which  the  aiitcro  aiitl  [lostero-dorsal  corners  of  ilie  valves  become 

modilied  tovvnids  the  well-marked  oblique  dorsal  aniiles  of  LqiciilidiiA 

Liicii/idj  ami   Foniititlo.'i. — (Jrenvilh'  and   IlavvkesbuiT  ;  with  the 

following  species  in  the  lower  part  of  the  Cliazy. 

Colli  (lor. — Sir  W.  K.  Lotran. 
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t  Si  I'   1>.  !•-    for   I'lii'tluT  n'uuirks   mi    /(.  /.i   -jini  •a\u\ 
Cauiiiiiiixi.-i. 
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11.  Leperditia  Canadensis,*  Jones,     a.  Var.  nana. 
Plate  XI.  Figs.  6,  7,  9,  10. 

{Annuls  of  Natural  History,  3(1  series,  vol.  i.  p.  244,  plate  ix.  figs.  11-15.) 

Length  i,  breadth  -,'^  inch. 

Small;  somewhat  variable  in  shape,  but  alwaj's  retaining  the 
characteristic  Lepei'ditia-outline,  with  straight  back,  more  or  less 
obliquely-rounded  belly,  and  sloping  dorsal  angles.  Cai*apace  usually 
short  (the  height  or  breadth  being  about  two-thirds  of  the  lergth), 
somewhat  variable  in  the  amount  of  convexity  (thiclvnoss),  which  is 
usually  greatest  at  the  antcro-ventral  third.  Surface  smooth.  Eye- 
tubercle  generally  well  marked,  and  muscle-spot  often  distinct ;  but 
occasionally  the  latter  becomes  involved  in  the  nuchal  depression, 
and  the  former  is  sometimes  obsolete. 

This  is  the  smalle.^>t  form  of  Lcperdifin  which  I  have  yet  met  with. 
It  occurs  in  great  numbers,  together  with  Bcijrichia  Loganl  in  equal 
abundance,  in  a  dark-grey  friable  limestone,  mainly  composed  of  these 
Entomostraca,  fragments  of  trilobitcs  and  shells,  at  Greuville  and 
near  Hamiltonville  in  Ilawkesbury,  on  the  Ottawa.  This  Leperditia 
limestone  forms  part  of  a  l)and  of  limestone,  about  two  feet  thick, 
which  extends  over  a  wide  distnctt,  and  is  of  importance  as  marking 
the  position  of  a  continuous  band  of  rock  holding  nodules  of  phoisphate 
of  lime  which  is  beneath  it ;  it  belongs  to  the  base  of  the  Chazy 
limestone. 

This  variety  of  Zr.  Canadensis  occurs  also  in  a  dark- grey,  crystalline, 
shelly  limestone  (of  the  Calciferous  Sandrock)  on  the  north  side  of 
Grande  Isle,|  in  the  St.  Lawrence.  In  two  hand  specimens  of  this 
limestone  a  few  separate  valves  and  one  pair  of  valves  are  present. 

Bcijncltia  Lngaiii  and  Lciwrdida  Canadensis,  var.  nana,  occur  toge- 
ther in  immense  numbers,  forming  indeed  a  considerable  portion  of 
the  limestone  rock  in  which  they  are  chiefly  found.  I  believe 
that  the  former  is  not  the  young  of  the  latter  (although  perhaps 
the  differences  of  shape  and  structure  are  not  greater  than  such 
as  we  find  to  occur  between  the  young  and  adult  forms  of  recent 
Entomostraca  and  other  Crustacea),  because,  where  the  allied  Bei/ri- 


*  Referred  to  in  Quart.  Jourii.  (icol.  Sop.  vol.  viii.  p.  2i)2  iuid  p.  207. 

t  "  Tliis  roek,  iiiivin;;;  been  (luiirried  for  liiiK'-l)iirniii<^  in  several  pliices,  lin.s  been 
followed  from  C.irillon  to  (henville  (thirteen  miles)."  (Jnurt.  Jonrn.  (leid.  Society, 
vol.  viii.  p.  207;  and  Logan's  Report  Gcol.  Surv.  tJanada,  18rjl-.')2,  p.  18. 

X  Qnart.  Jonrn.  Geo].  Soc.  vol.  viii.  ]);  202  ;  and  Logan's  Report,  lB")I-.")2,  p.  15. 
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chice,  such  as  B.stjnngidafa,*  B.mmidula,  and  B.  simplex,  occur,  even  in 
as  great  numbers,  in  tlie  rocks  of  other  localities,  the  Lepcrditice  are 
not  found  with  them ;  the  Litter  also  occur  unaccompanied  by  these 
Bcyrichi(C,  L.  Canadensis  itself  being  found  alone  in  Grrande  Isle.  The 
close  resemblance  in  outline  of  some  specimens  of  B.  Logani  (var. 
B.  kpcrdifi aides,  fig.  5)  to  the  Lepcrditice  is,  I  believe,  merely  a  mimetic 
resembhuice  of  outline,  such  as  we  find  taking  place  among  many 
groups,  both  of  the  lower  and  the  higher  animals. 

b.   Var.  LA15ROSA. 

Plate  XI.  Fig.  8. 

Length  i,  breadth  yV  inch. 

The  extremities  of  the  valves  in  this  specimen  from  Hawkesbury  are 
marked  by  a  broad  marginal  depression,  which  is  coutii.ued  less 
strongly  along  the  ventral  border,  and  the  antero-dorsal  corner  is 
more  produced  than  usual. 

Tliis  may  be  an  individual  modified  by  accidental  circumstances  of 
growth. 


if  ! 

v 
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c.  Var.  LoucKiANA. 


Plate  XI.  Fig.  11. 

Specimens  of  possibly  the  same  species  as  the  foregoing,  but  of  a 
considerably  larger  size  (often  twice  as  large),  occur  in  two  other 
limtistones,  specimens  of  which  Sir  William  Logan  has  confided  to 
my  examination. 

Imbedded  in  bits  of  black  fine-grained  limestone  from  Louck's  Mill, 
on  the  Castor  River,  in  the  township  of  Russell,  are  three  glossy  black 
valves,  in  good  preservation,  and  of  ditl'ereut  sizes  (one  specimen  being 
tV  ill.  long  and  t^o  broad,  the  others  being  respectively  r^^  in.  and  i^s  in. 
in  length).  In  each  of  these  the  eye-spot  is  very  distinct,  and  accom- 
panied by  a  local  ruggedness  of  the  surface  of  the  valve  (not  amount- 
ing to  a  sulcus) ;  the  valves  are  faintly  rimmed. 

This  black  limestone  is  referred  to  the  Trenton  in  Geol.  Survey 
Canada,  Report,  1851-52,  p.  73;  but,  according  to  a  letter  of  later 
date  from  Sir  W.  E.  Logan,  it  may  be  Birdseye  limestone. 


*  Biyrichia  strangulatii   takes  on  a  variety  of  forma  (see  Annals  of  Natural  History 
2nd  series,  vol.  xvi.  pi.  6,  figs.  18-'22)  analogous  to  those  of  J3.  Logani. 
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iL  Vivr.  Pauquettiana. 
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Plate  XI.  Fig.  12. 

A  mall  specimen  of  brownish,  finc-gniinecl  limestone  (wenthering 
grey,  and  containing  shells),  from  Pauqnette's  Rapids,  Alhnuette 
Island,  Ottawa  River,  contains  one  well-preserved  brown  coloured 
valve  (fig.  12),  i  irich  long,  /„  inch  broad,  much  like  the  largest  spe- 
cimen from  Louck's  Mill,  but  showing  no  marginal  rim,  and  feeble 
traces  only  of  the  eye-spot  and  its  accompanying  depression.  In  this 
fragment  of  limestone  (probably  Trenton)  smaller  Entomostracous 
bivalves  abound  (see  p.  99  and  100). 

Except  in  the  relative  size,  the  form  of  the  eye-spot,  and  the 
valve-margin  (in  which  latter  points  one  of  these  largcn*  specimens 
varies  from  the  othei's),  the  two  sets  of  specimens  (the  large  and  the 
small)  do  not  appear  to  disagree  essentially,  as  far  as  my  means  of 
examination  at  present  enable  me  to  judge.  At  the  same  time,  as 
we  know  that  in  some  recent  bivalved  Entomostraca,  difFei'ent  species 
and  even  subgenera  may  present  a  great  similarity  in  their  carapaces, 
it  is  possible  that  we  have  here  a  distinct  specific  form. 

Mr.  Conrad  has  briefly  described,*  und<!r  the  name  of  Cijt/icrina 

fahii/itcs,  a  bivalved  Eiitoniostracau,  from  tii(!  Trenton  limestone  of 

Mineral  Point,  Wisconsin.     This  appears  to  be  a  Lqjcniilia  half  an 

inch  in  length,  and  therefore  surpassing  in  size  the  specimens  under 

notice,  to  which  it  may  be  allied. 

See  Annals  of  Natural  History,  3rd  series.  1.  i.  p.  340,  for 
descriptions  of  this  and  the  following  variety. 

c.  Var.  JosEi'iiiANA. 

Plate  XI.  Fig,  16. 

A  small  specimen  of  grey  Trenton  limestone,  from  the  east  side  of 
St.  Joseph's  Island,  Lake  Huron,  containing  a  Pryozoon,  and  weath- 
ering yellowish,  bears  a  right  valve  of  a  Lcpcrdkia  \\  inch  long,  and 
\l  inch  broad ;  there  is  also  a  separate  perfect  carapace  of  the  same 
form  (ii  inch  thick)  from  the  same  limestone.  The  valves  are  of  a 
light-brown  color ;  the  eye-spots  are  indistinct ;  the  radiate  markings 
of  the  muscle-spot  are  more  visible  on  the  left  than  on  the  right  valve; 
the  overlapping  ventral  edge  is  neither  straight,  nor  symmetrically 
curved  ;  the  general  form  of  the  lower  half  of  the  carapace  is  rounded 
and  bulky. 


*  Proceedings  of  the  Pliiladclphia  Academy,  1843,  vol.  i.  p.  332. 
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Tills  Trenton  form,  which  I  have  termed  L.  Canadmm,  var  Joscpli- 
iana,  may  possibly  be  the  same  as  Conrad's  L.JhhuUtcs ;  if  so,  his  name 
has  priority. 

f.  Var.  Anticostiana. 

Plate  XI.  Fig.  17. 

A  piece  of  light-grey  limestone  (of  the  upper  portion  of  the  ITudson 
River  group)  from  East  l\)int,  Anticosti,  bears  on  its  weathenMl  sur- 
fiice  encrinital  ossicles  and  eleven  separate  valves  of  a  LcpcnUfid  of 
diflerent  sizes  ;  there  is  besides  a  separate  perfect  carapace  of  the  same 
form,  half  an  inch  long,  {f  inch  broad,  and  jV  iiii^li  thick).  These 
specimens  have  a  rather  short  hinge-line,  a  well-marked  ocular 
tubercle,  and  a  muscle-spot  visible  only  by  its  slightly  darker  tint.  In 
some  instances  these  valves  appear  to  liave  a  peculiar  delicacy  of  make 
and  substance;  they  slope  rapidly  from  the  central  convexity;  the 
ends  of  the  carapace  are  thin,  and  the  overlapping  part  of  the  right 
valve  is  distinctly  central  and  neatly  curved.  This  form  dillers  from 
that  of  8t.  Joseph's  in  having  a  shorter  hinge-line  and  a  more  promi- 
nent eye-spot ;  in  the  apparent  absence  of  external  radii  to  the  muscle- 
spot:  in  the  somewhat  more  delicate  substance  of  the  valves  ;  in  the 
lesser  thickness  of  the  carapace,  in  its  attenuated  edges  before  and 
biihind,  and  in  t^^e  symmetrical  curvature  of  the  overlapping  ventral 
edge. 

This  neatly  shaped  Lrpcrdi/ia  from  Anticosti  more  nearly  resembles 
its  almost  gigantic  allies  of  Sweden*  than  do  any  other  American 
Lq>': ''(lif'ue  that  I  have  seen.  Still  it  is  not  without  good  points  of 
relationship  with  L.  Qinddemis,  and  I  have  provisionally  termed  it 
L.  Ctinadc/isis,  var,  Anticostiana. 

The  St.  Joseph's  form  more  nearly  resembles  the  large  varieties  of 
Lcpcrdilia  Canadensis  (pi.  xi.  figs.  11  and  12)  than  do  the  Anticosti 
specimens  ;  and  as  I  did  not  feel  authorized  to  separate  specifically 
the  little  Grenville  varieties,  that  from  Louck's  ^lill,  and  that  of 
Allumette,  neither  can  I  at  present  regard  these  comparatively 
large  and  well-grown  specimens  as  belonging  to  another  specific  type. 

Mr.  Salter  having  lately  favoured  me  with  better  specimens  of 
the  Lcperdifia  alia,  from  Wellington  Straits,  than  I  had  previously 
seen,  I  am  enabled  to  point  out,  that  though  in  size  and  general  form 
the  Arctic  L.  a/la  much  resembles  the  Lcperditia:  from  Louck's  Mill, 
Paiiquette's  Rapid,  St.  Joseph's,  and  Anticosti,  it  has  a  thinner 
shell,  and  a  distinct  muscular  spot,  with  vascular  radii ;  and  further, 


•  Annuls  of  Natural  Iliaiory,  'iud  scries,  vol.  xvii.  p.  85,  pi.  G. 
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it  shows  an  inclination  to  vary  extremely  in  the  vertical  dimensions 
of  the  canipace,  so  that  in  the  same  hand  specimen,  some  individuals 
are  ovate-oblong,  and  others  nnrrow  and  pod-shaped.  This  habit  ol 
variability  of  outline  is  not  apparent  in  the  Canadian  LcjierdilUe  above 
described. 

Other  localities  in  Canada  are  mentioned  by  Sir  W.  E.  Logan  and 
Mr.lMurray  for  Entomostraca — i^rohnlAy  L.  Canadensis  or  allied  forms, 
namely : — 

Three  miles  above  Lachine  ;  in  the  Trenton  limestone  ?  * 

Indian  Lorette  near  Quebec  ;  in  the  Birdseye  limestone  ?  t 

Three  or  four  miles  from  Montreal,  in  a  line  a  little  west  of  north; 
in  the  Birdseye  limestone.  | 

Sheik's  Island,  Cornvv^all,'^;  with  Afnjpa  plena  in  the  Chazy. 

Cornwall ;  in  the  Trenton  limeRtone||. 

Lancaster  ;  in  the  Black  llivcr  limestoneT[. 

Winchester ;  in  the  Trenton  limestone**. 


III.  Lei'kkditia  Anna,  Jones. 


Plate  XL  Fig.  13. 

{Annah  of  Natural  History,  3d  series,  vol.  i.  p.  247,  plate  ix.  fig.  18.) 

Length  «,  breadth  ^  inch. 

Small,  convex ;  ovate-oblong,  somewhat  narrower  in  front  than 
behind ;  the  ventral  curve  nearly  uniform  ;  hinge-line  straight ;  dorsal 
angles  slightly  truncate.  Surface;  of  valves  most  convex  at  the  pos- 
terior third ;  smooth,  thickly  punctate,  each  of  the  little  shallow 
circular  pits  having  a  miimte  central  tubercle.  Eye-spot  distinct 
and  raised. 

Loailifij  and  Forma/ion. — Several  valves  of  this  neatly-pitted 
Lcpcrditia  are  present  in  a  small  hand-specimen  of  a  hard  dark 
colored  concretionary  limestone,  under  the  zone  of  Afrijpa  plena,  and 
belonging  to  the  Calciferoas  Sandrock,  from  immediately  behind 
the  village  of  St.  Ann'stt,  at  the  confluence  of  the  Ottawa  and  St. 
Lawrence.     This  is  probably  the  oldest  known  species  of  the  genus. 

Collector. — Sir  W.  E.  Logan. 


*  Quarterly  Journal  Geological  Society,  vol.  viii.  p.  205. 
t  Letter,  Jan.  17,  1853.  X  Letter. 

§  Geol.  Sur.  Canada,  Report,  1851-52,  p.  70. 
II  Ibvl.  p.  70.  n  Ibid.  p.  71.  ••  Ibid.  72. 

ft  Quart.  Jour.  Geol.  Soc.  loc.  cit.;  aud  Geol.  Sur.  Canada,  Report,  1851-52,  p.  10 
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IV.  Leperditia  amygdalina,  Jones. 
Plate  XI.  Figs.  18,  19. 

(Jnnals  of  Natural  History,  3d  series,  vol.  i.  page  341.) 

Several  specimens  of  a  dark-grey  limestone,  from  near  L'Orignal, 
are  rich  in  separate  valves  of  a  handsome  Leperditia,  which  at 
first  sight  has  much  the  aspect  of  Isochilina  Ottawa;  but  it  is 
larger,  blacker,  and  has  a  proportionally  shorter  hinge-line,  the 
hinder  portion  of  the  valves  being  boldly  and  obliquely  rounded, 
forming  about  one-third  the  length  of  the  carapace ;  though  the 
valves  have  a  marginal  rim,  this  is  only  on  the  two  ends,  being 
wanting  below,  where  the  middle  third  of  the  ventral  border  is 
turned  in,  overlapping  on  the  right,  and  overlapped  on  the  left  side. 
The  surface  is  smooth ;  the  eye-spot  prominent,  and  accompanied  by 
a  slight,  irregular  nuchal  furrow  ;  muscle-spot  indistinct.  The  cara- 
pace is  JL  ipch  long,  ^^  in.  broad,  and  ^^  in.  thick,  and  most  convex 
at  the  anterior  third. 

Though  numerous  in  the  rock,  the  individuals  are  not  massed 
together  in  layers,  as  are  the  Isochilince  at  L'Orignal,  Grenville,  and 
White  Horse  Rapids. 

Locality  and  Formation. — One  mile  west  of  L'Orignal,  Chazy. 

Collector. — R.  Bell. 
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Genus  Isochilina*.    Sicbgenm  of  Leperditia. 

Equivalve ;  the  margins  of  the  valves  meeting  uniformly,  not  over- 
lapping as  in  Leperditia;  greatest  convexity  of  the  valves  either 
central  or  towards  the  anterior  portion.  Eye-tubercle  present. 
Muscular  spot  not  distinct  externally. 


V.  Leperditia  (Isochilina)  Ottawa,  Jones. 

Plate  XI.  Fig.  14. 

{Annals  of  Natural  History,  2d  series,  vol.  i.  p.  248,  plate  x.  fig.  1.) 

Length  |,  breadth  y\  inch. 

Lepcrditia-like  in  outline,  somewhat  elongate,  smooth;  marginal 
border  distinct,  frequently  seen  to  be  marked  by  a  line  of  small, 
distinct  pits ;  eye-spot  distinctly  raised. 

*  Equal  lip. 
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From  tho  canal  at  Grenville.  Gregarious ;  the  separated  valves 
forming  a  thin  laynr  about  half  an  inch  thick,  in  a  dark-grey  lime- 
stone of  the  Calciferous  Sandrock,  a  foot  or  two  beneath  the  *'  two- 
foot  limestone,"  and  traceable  for  some  miles. 

In  several  specimens  of  Leperuitia  rock  from  the  Chazy  lime- 
stone near  the  N.W.  corner  of  the  township  of  L'Orignal,  I  have 
recognized  the  IsochiUna  Ottawa,  under  similar  conditions  to  those  in 
which  it  occurs  at  the  Grenville  canal,  except  that  in  one  specimen 
it  is  associated  with  a  Modiohpsis-Wke  shell.  I  have  only  to  remark, 
that  when  the  shell  is  broken  off,  the  casts  of  the  valves  show  a 
distinct  niuscle-spot  (concave  on  the  inner  side  of  the  valve)  with 
numerous  radii. 

Collectors. — Sir  W.  E.  Logan,  J.  Richardson,  R.  Bell. 

VI.  Leperditia  (Isochilina)  gracilis,  Jones. 
Plate  XI.  Fig.  16. 

(Annals  of  Natural  History,  3d  series,  vol.  i.  p.  248,  plate  x.  fig.  2.) 

Length  ^,  breadth  y'^  inch. 

Carapace  sub-rhomboidal,  narrow  and  slender  when  compared  with 
the  Leperditia  proper  ;  anterior  e::t'  emity  obliquely  rounded,  with  the 
antero-dorsal  angle  produced,  slightly  obtuse;  posterior  extremity 
rounded,  with  the  postero- dorsal  angle  obliquely  truncate.  Ventral 
curve  uniform.  Surface  of  valve  convex  centrally,  black,  shining, 
smooth,  sparsely  punctate ;  the  pitting  partial  often  obscure,  or 
nearly  obsolete.  Depressed  margin  broad,  in  many  specimens  bearing 
a  row  of  rounded  pits  (about  thirty-two),  which  are  represented  on 
the  inside  of  the  rim  by  corresponding  raised  obtuse  points. 

Locality  and  Formation. — Gregarious ;  in  loose  fragments  of  a  black, 
fine-grained  foetid  limestone  from  the  White  Horse  Rapids,  Isle 
Jesus,  referred,  with  doubt,  to  the  Trenton  limestone  in  the  Quart. 
Journ.  Geol.  Soc,  vol.  viii.  p.  205,  but  to  the  Birdseye  limestone  in 
a  letter  of  later  date  from  Sir  W.  E.  Logan.  The  disunited  valves 
lie  ma..jd  together,  and  sprinkled  with  minute  iridescent  crystals 
of  pyrites,  in  a  thin  layer  or  layers  in  the  rock. 

Collector. — Sir  W.  E.  Logan. 

Genm  Cytheropsis,  M'Coy. 

This  generic  appellation  is  affixed  to  a  bivalved  Entomostracan 
(figure  2,  plate  1.  L.)  in  the  '  Systematic  Description  of  the  British 
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Palaeozoic  Fossils  in  the  Geological  Museum  of  the  University  of 
Cambridge,'  1855,  but  neither  the  characters  of  the  genus  nor  of 
the  fossil  are  described,  owing  probably  to  the  author  not  having 
had  time  to  add  this  description  to  the  great  work  referred  to. 

Cythcroj)sis  appears  to  me  to  be  a  useful  term  for  the  distinction  of 
those  palaeozoic  Entomostraca  that  do  not  closely  assimilate  either  to 
Leperditia  or  Beijrichia,  but  much  resemble  in  outline  and  size  many 
of  the  Cijtheres  of  the  existing  seas,  differing  however  from  tiiem  in 
sometimes  having  eye  or  muscle-spots,  and  other  peculiiir  features, 
such  as  a  comparatively  great  thickness  of  the  valves.  Though  based 
chiefly  on  negative  characters,  this  group  niny  for  the  present  be 
conveniently  referred  to  as  being  generic. 

I  have  noticed  several  minute  Entomostraca  in  the  Siluriiiii  rocks 
of  Wales  and  Sweden,  which  may  probably  belong  to  this  group. 

VII.  Cytheropsis  concinna,  Jones. 

{Annals  of  Natural  History,  3d  series,  vol.  i.  p.  249,  plate  x.  figs.  3,  4.) 

Length  j\,  breadth  ./^  inch. 

Carapace  subcylindrical,  tapering  anteriorly  ;  ends  rounded  ;  back 
straight ;  dorsal  angles  slightly  truncate  ;  ventral  edge  of  right  valve 
overlapping  that  of  the  left.  Surface  smooth,  shining,  light-brown, 
partially  pitted.  In  some  specimens  a  veiy  slight  marginal  rim  is 
traceable. 

Locality  and  Formation. — Many  specimens,  both  of  double  and 
single  valves,  in  the  Trenton?  limestone  of  Pi  -^iiette's  Rapids, 
Allumette  Island,  Ottawa  River. 

I  have  had  some  doubt  whether  this  may  not  be  the  young  of  a 
Leperditia;  but  it  has  no  eye- spot  and  is  too  narrow,  young  Leperditia 
being  proportionally  broader  than  the  adults. 

Collector. — Sir  W.  E.  Logan. 
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VIII.  Cytheropsis  siliqua,  Jones. 

(Annals  of  Natural  History,  3d  series,  vol.  i.  p.  249,  plate  x.  fig.  6.) 

Length  j\,  breadth  ^\  inch. 

Carapace-valves  long,  narrow,  pod-like  or  skiff-shaped ;  ends  acute, 
one  much  shai'per  and  more  tapering  than  the  other ;  dorsal  edge  long 
and  straight ;  ventral  edge  convex  ;  one  valve  overlapping  the  other. 
Smooth,  shining,  brown. 
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Two  sopnrato  vtilves  of  this  curioua  and  rather  obscure  form  (so 
mueh  I'l^HtimhVmg  Biiirdla  xiliqua  of  the  Chalk,  and  the  recent  li.  Minna) 
occurred  in  the  liuiestone  from  Pauquette's  Kapids.  , 


IX.    CyTIIEUOI'SIS   UU008A,   JoncH. 

{Annals  of  Ifalunil  History,  3(1  series,  vol.  i.  p.  249,  plate  x.  fig.  5.) 

Length  ^^,  breadth  jL  inch. 

Small,  convex,  subreniform,  broad,  rounded  at  both  ends,  the  an- 
terior one  of  which  is  smaller  than  the  other.  Coarsely  sculptured  with 
broad  shallow  pits.  One  specimen,  showing  the  two  valves  united, 
and  of  a  light-brown  color,  occurred  with  the  many  other  Entomos- 
traca  in  the  small  specimen  of  limestone  from  Pauquette's  Rapids. 

LocnUu/  and  Formuinn. — Pauquette's  Rapids. 

Collector. — Sir  W.  E.  Logan. 

To  give  a  general  view  of  the  distribution  of  the  known  species 
and  varieties  of  Bivalved  Entomostraca  in  the  Lower  Palaeozoic  strata 
of  the  United  States,  Canada,  and  Arctic  America,  the  following 
Table  is  appended : — 
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Explanation  or  Fiouris.    Plate  XI. 

B.  Logani  (var.  ren\formis)  ;  magnified  4  times ;  a,  right  valve  ;  6,  dorsal  view  ; 

c,  anterior  view.     From  Ilawkesbury. 
B.  Logani;  magnified  4  times:  a,  loft  ''alvo  ;  6,  dorsal,  and  c,  posterior  view 

From  Hawkesbury. 
B.  Logani)  magnified  4  times  :  o,  left  valve  ;  b,  ventral,  and  c,  posterior  view. 

From  Orenville. 
B.  Logani ;    magnified   4   times :   a,  right  valve  ;   b,   dorsal    ,  iew.      From 

Hawkesbury. 
B.  Logani  (var.  hptrditoidet)  ;   magnified  4  times  :  a,  right  valve ;  6,  anterior 

view.    From  Grenville. 
Leperditia  Canadensin  (var.  nana) ;   magnified  4  times  :  u,  left  valve  ;  b,  ven- 
tral, and  c,  posterior  view.    From  Grenville. 
L.  Canadenti*  (var,  nana)  ;  magnified  4  times  :  a,  right  valve  ;  b,  ventral  view. 

From  Grenville. 
L.  CanadentiB  (var.  tabrosa) :   magnified  4  times :   u,  left  valve ;  6,  ventral, 

and  c,  anterior  view ;   d,  portion  of  surface  of  a,  very  highly  magnified 

(X  76). 
L.  Canadeniis  (var.  nana)  ;  magnified  4  times  :  a,  left  valve ;  b,  dorsal,  and  c, 

anterior  view.     Prom  Grande  Isle. 
L.  Canadensis  (var.  nana)  ;  dorsal  view  of  tlie  united  valves  (nearly  closed)  ; 

magnified  4  times.    From  Grande  Isle. 
L.    Canadensit  (var.  Louckiana)  ;    o,   right  valve,   magnified  2   diameters ; 

b,  ventral  view  ;  c,  anterior  view  ;  d,  outline,  magnified  4  times.    From 

Louck's  Mill. 
Fig.  12.    L.  Canadensis  (var.  Pauquettiana)  :  a,  riglit  valve,  magnified  2  diameters ; 

b,  the  ventral,  and  c,  the  anterior  view,  showing  the  inner  flange  of  the 
ventral  edge  ;  d,  outline,  magnified  4  times.  From  Pauquette's  Rapids, 
Allumette  Islar.d. 

Fig.  13.    L.  Anna;  magnified  4  times  :  a,  right  valve  ;  6,  ventral,  and  c,  anterior  view ; 

(2,  portion  of  surface  of  a,  highly  magnified  (X  25).    From  St.  Anne's. 
Fig.  14.    hochilina  Ottawa ;  magnified  4  times  :  a,  left  valve  ;  6,  anterior,  and  c,  ventral 

view.    From  Grenville  Canal. 
Pig.  15.    /.  gracilis;  magnified  4  times :  u,  right  valve  ;  6,  anterior  view,  and  c,  venttal ; 

d,  magnified  portion  of  the  marginal  rim.     From  White  Horse  Rapids. 
Fig.  16.     L.  Canadensis  (var.  Josephiana)  ;  natural  size  :  a,  right  valve  ;  6,  ventral,  and 

c,  anterior  view.    From  St.  Joseph's  Island. 

Pig.  17.     L.  Canadensis  (var.  Anticostiana)  ;  natural  size  :  a,  left  valve ;  6,  ventral  view. 

From  Antlcosti. 
Fig.  18.    L.  amygdalina;  natural  size  :  a,  right  valve  ;  b,  ventral,  and  c,  anterior  view. 

From  L'Orignal. 
Fig.  19.    L.  amygdalina;  natural  size:  a,  left  valve;  6,  ventral,  and  c,  anterior  view 

From  L'Orignal. 
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PLATE  I. 

Pleurocystites  squamosus  (page  49). 

Figures  la  and  1&.    Dorsal  views  of  two  specimens. 

"     Ic.    Ventral  view  of  a  specimen,  shewing  the  plated  integument  and  strong 

borders  formed  by  the  folding  over  of  the  dorsal  plates ;  o,  the  moutb. 
"     Irf.    Ventral  view  of  the  upper  part  of  the  cup  and  arms  of  a  specimen  of  this 

species,  the  remainder  of  which  is  completely  buried  in  the  stone. 
"     \e.    View  of  the  same,  enlarged ;  at  a  is  the  small  sub-apical  aperture.    It  h 

represented  too  large  in  the  figure. 
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Pleurocystites  robustus  (page  49). 

Figure  2a  shews  a  fragment  of  the  upper  part  of  a  specimen.  From  the  position  in 
which  the  artist  viewed  the  specimen,  the  left  rhomb  in  the  figure  appears 
too  angular  on  the  upper  side. 


Pleurocystites  Anticostiensis  (page  62). 

Figure  3.    Dorsal  view  of  an  imperfect  specimen  of  this  species. 
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PLALE  11. 


Pleurocystites  filitextus  (page  50). 

Figure  la  is  a  specimen  which  has  the  column  and  a  portion  of  the  arms  firmly  attached 
to  a  piece  of  limestone.  The  greater  part  of  the  body  however  is  loose, 
and  can  be  removed  in  one  piece,  giving  a  view  of  the  ventral  side. 
"  16  is  the  ventral  side,  shewing  the  large  plates  of  the  integument,  and  obscurely 
the  small  aperture  near  the  apex.  The  specimen  is  somewhat  distorted 
by  pressure,  so  that  the  true  form  of  the  rhombs  cannot  be  made  out. 
0,  the  mouth. 
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Pleurocystites  elegans  (page  51). 

Figures  'la,  "ib,  1c,  and  2d  ?  are  dorsal  views  of  this  species.  It  is  doubtful  whether  id 
should  be  referred  to  this  species  or  to  the  thickly  striated  varieties  of 
P.  filitextus.  The  crushed  condition  of  this,  and  ind^^ed  of  all  the  speci- 
mens, renders  it  most  difficult  to  decide  when  the  species  are  so  closely 
allied. 
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PLATE  III. 


Gltptootstites  multiporus  (page  64). 


Figure  la.    The  plates  of  the  calyx  spread  out ;  the  dotted  lines  which  extend  from 
the  top  to  the  bottom  indicate  the  course  of  the  arms. 
"    \h.    Plates  of  the  genus  JScAtno-encrtnt7es,  figured  here  for  comparison. 
"      d.    Anterior  view  of  a  perfect  specimen  of  G.  multiporus. 
"     E.    The  left  side  of  the  same  specimen. 
"     P.    The  dorsal  or  posterior  side  of  another  specimen. 
"      c.    The  right  side. 
"      g.    The  apex,  enlarged. 
"      t.    The  base. 

"      n.    A  specimen  with  the  column  attached ;  anterior  view. 
"     L.    One  of  the  rhombs  enlarged. 

"      g  and  k.    Sections  shewing  the  depth  to  which  the  partitions  of  the  rhombs 
entered. 
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PLATE  tV. 


Glyptocystites  Looani  (i»uge  67). 

Figures  la  and  \h  are  dorsal  views  of  two  specimens. 

"     Ic,  1'/  and  le  are  enlarged  views  of  the  interiors  of      ree  rl       biferous  plates, 
showing  that  the  pores  penetrate  through,  an     ihat  jacb  on  the  inside 
is  surrounded  by  an  exceedingly  thin  elevated  bof^er. 
"     1/.    A  portion  of  the  ambulacral  groove  of  the  apex,  ari'    one  of  ihe  pinnules 

enlarged. 
"      \g.    A  fragment  with  two  of  the  pinnulro.  ' 

"     It  and  \j.    Fragments  of  columns.    The  specimens  are  cr  isbtiu,  and  do  not 
clearly  shew  the  spiral  arrangement. 
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G.  LooANi,  var.  gracilis  (page  69). 
Figure  2.    Dorsal  side  of  the  only  specimen  collected. 
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Glyptocystites  Forbesi  (page  59). 

Figures  3a  and  36.    Two  views  of  the  base  of  a  specimen. 

"     3c  and  Zd.    Imperfect  plates,  to  shew  the  character  of  the  rhombs. 

"     Si  has  the  remains  of  four  rhombs. 

"     3«  is  the  basal  plate  of  the  right  side. 

"     3/  is  the  hexagonal  basal  plate  of  the  anterior  side. 

"     Zg  and  Zh,  round  columns,  with  the  edges  of  the  large  joints  pitted. 
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PLATE  V. 


COMAROCYSTITES  PUNCTATUS   (page  61). 

Figure  1.    Anterior  view  of  a  large  specimen,  with  one  arm  and  the  pinnulae  attached. 

0,  the  mouth, 
la.  A  plate  of  the  same,  enlarged,  to  shew  the  peculiar  striation. 
16.  The  valvular  apparatus  of  the  mouth,  enlarged. 
2.    View  of  the  left  side  of  another  specimen. 
2a.  A  plate  of  same,  enlarged. 
26.  Outline  of  the  summit,  shewing  the  positions  of  the  bases  of  the  arms,  and 

the  ambulacral  groove  between  them. 


Dr.  E.  Van  Oortlandt  of  Ottawa,  has  kindly  sent  me  from  his  cabinet  two  of  the  best 
specimens  of  C.  punctatus  that  I  have  yet  seen,  both  of  which  have  the  mouth  furnished 
with  six  valves  instead  of  five,  and  it  thus  appears  that  the  number  is  variable  as  it  is 
in  the  Crinoid  Caryocrinus  ornutus  (Say).  Where  the  plates  are  very  perfect  they  are 
striated  in  the  manner  represented  by  fig.  2a,  and  the  ridges  between  the  plates  are  quite 
sharp  and  imperforate.  It  is  probable,  therefore,  that  in  no  case  are  the  pores  visible 
externally,  unless  where  the  surface  is  worn.  This  latter  fact,  first  clearly  exhibited  by 
Dr.  Van  Cortlandt's  specimens,  shews  that  Camarocystites  and  Palaocystites  are  closely 
allied  genera. 

These  specimens  did  not  reach  me  until  after  the  foregoing  sheets  had  been  printed, 
otherwise  they  would  have  been  noticed  in  the  body  of  the  work. 
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PLATE  VI. 


Amygdalocystites  flobealis  (page  63). 

P'igure  la.  The  left  side  of  a  specimen ;  vi,  the  mouth. 

"      16.  Right  side  of  the  same. 

"      Ic.  Posterior  view. 

"      Id.  Anterior  views.    The  groove  is  not  clearly  shown  in  this  specimen. 

"      le.  One  of  the  plates  enlarged. 


!!'■ 


Amygdalocystites  tenuistriatus  (page  64). 

Figures  2a,  26.    Right  and  left  side  of  the  Ottawa  specimen;  m,  the  mouth. 

"     2c.    Left  side  of  a  specimen  from  Belleville,  shewing  a  portion  of  the  arm. 

"     2e.    The  arm  enlarged,  shewing  the  ambulacral  groove. 

"     2/.     View  of  the  top  of  the  arm,  shewing  the  articulating  cavities  of  the  pin- 

nulee,  and  the  branches  of  the  ambulacral  grooves  leading  to  them. 
"     2d.     A  plate  enlarged,  shewing  the  striae. 


1-! 


Amygdalocystites  radiatus  (page  65). 

Figure  3a.    A  specimen  crushed  flat,  imbedded  in  stone. 

"     36.    One  of  the  plates  enlarged.    The  specimen  is  worn,  and  does  not  shew  the 
granular  surface  of  the  spaces  between  the  radiating  ridges. 
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PLATE  VII. 


Malocystites  Murchisoni  (page  66). 

Figure  la.  Right  side  of  a  specimen,  shewing  the  ambulacral  orifice  and  the  eight  arms. 

"  16.  The  left  aide,  shewing  the  position  of  the  mouth,  m. 

"  Ic.  Vertical  view  of  the  ambulacral  orifice. 

"  Irf,  le.     Left  sides  of  two  other  specimens. 

"  1/.  Apex  of  le. 

"  lA.  Base  of  \d,  shewing  the  three  basal  plates. 

"  li.  Portion  of  an  upper  surface  of  an  arm  magnified. 
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Figure  2a. 
"  26. 
"  2c. 
"     2(i. 


Malocystites  Barrandi  (page  67). 

View  of  the  left  side  of  a  specimen ;  a,  the  arm. 
Posterior  view  of  the  same. 
Anterior  view  of  anotlier  specimen. 

The  arm  of  2a  magnified,  shewing  the  short  branches  of  the  ambulacral 
furrow  to  the  bases  of  the  pinnuhr. 
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PLATE  VIII. 


Edrio ASTER  BiGSBYi  (page  82). 


Figure  1.     Upper  side  of  a  specimen  partly  embedded  in  stone. 

"     la.  A  polished  section  through  the  mouth  and  two  of  the  grooves,  showing  That 

the  pores  penetrate  through. 
"     2.    Fragment  of  a  crushed  specimen,  showing  two  of  the  rays. 
"     2a.  A  portion  of  figure  2  enlarged  to  show  the  pores. 


Agelacrinites  Dicksoni  (page  84). 

Figure  4.     The  original  specimen  discovered   by  Dr.  Bigsby,  now  in  the  Musevim  oi 
Practical  Geology,  Jermyn  Street,  London. 
"     4a.  The  same  enlarged. 

■'     3.     View  of  a  d'ftcrent  specimen,  in  collection  Geological  Survey  of  Oanatia. 
"     3fl.  The  same  enlarged. 
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PLATE  IX. 


Palasterina  stellata  (page  76). 

Figure  la.    The  specimen  natural  size. 
"      16.    The  same  enlarged. 


ri 


Palasterina  rugosa  (page  77). 


Figure  2a.    Dorsal  view  of  a  specimen  from  tje  Hudson  River  group,  Anticosti. 
"     26.    Fragment  of  another  individual. 
"     2c.    One  of  the  plates  enlarged. 
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Petraster  rigidus  (page  80). 

Figure  3a.     Ventral  view  of  an  imperfect  specimen. 
Fig.  3o  appears  to  be  the  dorsal  side  of  an  individual  of  this  species  with  the  plates 
along  the  centre  of  the  rays  removed. 
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PLATE  X. 


Stenaster  Salter:  (page  78). 

Figure  lo.    Ventral  view  of  a  specimen  collected  at  Belleville. 
"      16.    The  same  enlarged. 


Stenaster  pulchellus  (page  79). 

Figure  2.    Ventral  view  of  the  only  specimen  collected. 


T.ffi;NiASTER  spiNOSus  (page  81). 

Figure  3a.  Ventral  view  of  a  small  specimen. 

"     36.  The  same  enlarged. 

"     3c.  Another  specimen,  with  the  riys  bent  upwards. 

"     3d.  The  same  enlarged. 


T.«:niaster  cylindricus  (page  81). 

Figur'j  4a.    Dorsal  view  of  a  specimen. 

"     46.    Ventral  view  of  a  different  specimen. 
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PLJTE  X.  (bis.) 


Cyclocystoides  Halli  (page  86). 


Figure  1.  rmjiression  of  the  marginal  platca  in  a  fragment  of  limestone. 

"      i.  A  different  specimen,  allowing  twenty-six  of  tlio  marginal  plates, 
tlie  tube.    2d*,  tube  enlarged.    2*,  marginal  plates  enlarged. 

''      3.  Marginal  plates  enlarged. 

"      4.  A  portion  of  the  disc  enlarged, 

"      r».  A  small  specimen  nearly  perfect.     5*,  portion  of  margin  enlarged. 

"     ti.  Portion  of  a  specimen  partly  destroyed  by  the  application  of  acid. 

"      7.  Part  of  6  enlarged. 


and  6, 


I  ill 


Cyclocystoides  Davisii  (page  S9). 


Figure    8.  Oast  of  a  specimen  with  margin  perfect. 

"        9.  Portion  of  margin  magnilied. 

"       10.  Ideal  section  of  Cyclocystoide$, 

"       11.  Pentagonal  Star-fish. 

"       12.  Amygdalocystites  florealis. 

"       12.  Pseudocrinitcs  magnificus. 
The  three  latter  figures  are  given  for  comparison. 
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(Page  91—102.) 

Fig.    1.     B.  £ogont  (var.  rent/ormts)  ;  magnified  4  times :  a,  right  valve ;  6,  dorsal  view ; 

c,  anterior  view.    From  Hawkesbury. 

Fig.    2.     B.  Logani;  magnified  4  times  :  a,  left  valve;  b,  dorsal,  and  c,  posterior  view. 

Prom  Hawkesbury. 
Fig     3.     B.  Logani ;  magnified  4  times  :  a,  left  valve;  6,  ventral,  and  c,  posterior  view. 

Prom  Grenville. 
Fig.    4.     B.  Logani ;  magnified  4   times  ;    «,   right  valve  ;    6,   dorsal   view.      From 

Hawkesbury. 
Fig.    5.     B.  Logani  (var.  lepeditoid.es)  ;  magnified  4  times  :  a,  right  valve  ;  6,  anterior 

view.    From  Grenville. 
Fig.    tJ.     Lepcrditia  Canadensis  (var.  nana)  ;  magnified  4  times  :  a,  left  valve ;  6,  ven- 
tral, and  c,  posterior  view.     From  Grenville. 
Fig.    7.     L.  Canadensis  (var.  nana)  ;  magnified  4  times  :  a,  right  valve  ;  b,  ventral  view. 

From  Grenville. 
;;     :      L  Canadensis  (var.  labrosa);  magnified  4  times:  o,  left  valve;  b,  ventral, 

and  c,  anterior  view ;  rf,  portion  of  surface  of  a,  very  highly  magnified 

(X  75). 
Fig.    y.     L.  Canadensis  (var.  nana)  ;  magnified  4  times  :  a,  left  valve  ;  b,  dorsal,  and  c, 

anterior  view.     From  Grande  Isle. 
Fig.  10.     L.  Canadensis  (var.  nana)  ;  dorsal  view  of  the  united  valves  (nearly  cloeed)  ; 

magnified  4  times.    From  Grande  Isle. 
Fig.  11.     L.  Canadensis  (var.  Louckiana);  a,  right  valve,  magnified  two  diameters  ; 

b,  ventral  view ;  c,  anterior  view ;  d,  outline,  magnified  4  times.    From 

Louck's  Mill. 
Fig.  12.    L.  Canadensis  (var.  Pauquettiana)  ;  a,  right  valve,  magnified  2  diameters; 

b,  the  ventral,  and  c,  the  anterior  view,  showing  the  inner  flange  of  the 
ventral  edge ;  d,  outline,  magnified  4  times.  From  Pauquette's  Rapids, 
AUumette  Island. 

Fig.  13.     L.  Anna;  magnified  4  times  :  a,  right  value  ;  6,  vcntrn!,  and  c,  anterior  view  ; 

d,  portion  of  surface  of  «,  highly  magnified  (X  25).    From  St.  Anne's. 
Fig.  14.     Isochilina  Ottawa;  magnified  4  times  :  a,  left  valve  ;  b,  anterior,  andc,  ventral 

view.     From  Grenville  Canal. 
Fig.  15.     /.  gracilis ;  magnified  4  times  .  a,  right  valve  ;  6,  anterior  view,  and  c,  ventral , 

rf,  magnified  portion  of  the  marginal  rim.     From  White  Horse  Rapids. 
Fig.  16.    L.  Canadensis  (var.  Josephiana)  ;  natural  size  ;  a,  right  valve  ;  b,  ventral,  and 

c,  anterior  view.     From  St.  Joseph's  Island. 

Fig.  17.     L.  Canadensis  (var.  Anticostiana)  ;  natural  size  ;  a,  left  valve  ;  b,  ventral  view. 
From  Anticosti. 

Pig.  18.     L.  amugdalina;  natural  size  ;  a,  right  valve;  6,  ventral,  and  c,  anterior  view. 
Fiom  L'Orignal. 

Fig.  19.    L.  ahvjgdalina ;  natural  size  :  a,  left  valve  ;  b,  ventral,  and  c,  anterior  view. 
From  L'Origual. 
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